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IN 



The Right Honourafcli^' 




Lord .Napier of Mer^ 

My LORB^ 

; \ - 

HERE is n6 tncfl-di 

b more-xrer*- 
taii>> plain, and in* 
controvertible, thai? this, that 
it is aCod-lih Thing to do pood 

a 2 ; f^ 





to Mankind; ^ of which divine 
XJttality jour Lordfhip s noble 
i'Kceflors are honourable Ex- 
^ples and Inftaiyes. * 

WHEN I refled oh tfee great 
Services done to the learned 
Worlds by the moft el^Jorate 
P^rfofrnancesof^" that very lear- 
ned and, wor^y Gentleman" 
\Ji)^ iiaper ^Saroii of Merch^i 
fion, whofe Praifes, for his rnoft 
ufeful and wonderful Invention 
of the Lofarithms, befides his 
Other Improvements in fofid 
Knowledge, ; deferve to be cele- 
brated to. all Ages J I cannot 
hm, thinlc; my fm obliged tto 
commemorate the Merits qi fo -, 

great a Man, and beg thisfmall . 
X.. ;. =^ Effay 



t 



V ] 




iffay.may obtaiij the Favour 
Patronage of your Lordfhip his 
prefent lineal Reprefentative : 
And i am the more encouraged 
to iheker this fliort Treatifeun- 

• ^ ■ " ■ ♦ 

der your Lord{hip*s Prote(5tion,;. 
that I am aifur'd of yourGood- 
nefs;, and that your Mind di{-- 
covers noble Endowments fur- 
geriot to your 




YOUR lordfliip's Family has 
not only^ adorn'd our Country 
with Men of eminent Learning 
and Khowledge in Its Laws and 
Conftitution, . fo that they were 
juftly thought worthy to be Se- 
nators in our College of Ju- 
ftice; but has likewife afforded 
US noble Examples of.trueFor- 

SlZi tir 



titude* real Honour, and tlie 
Djoft diftinguifh'd Loyalty, by 
boldly efpoudne^the Rights and 
privileges of their King and 
Country, when groning under 
the Preflure of the worft of 
Times: Particularly diat wor- 
thy Patriot, Jtrchibatd Lord Na- 
j?ifr, fuffered laiprifonment, and 
the greateft Hardfliips, for 
clofely adhering to the Inte^ 
reft^. of his Sovereign King 
Chark^ !• of bleffed Memory^ 
and endeavouring with a true . 
Ctiriftian Courage to fUpport 
his finking Country :. And his; 
Son jiKchihdd Lord Napier 
( in- no refped inferior to (b. 
great a Father ) was forc'd at. 
tie ead of aa unfucqefsful Was . 

» I ' . , I. >»- » ». *»-*^ -• — ■ — > — •— - — . .^ ", < 



to retire to Holland^ to fiieltet 
himfelf from the cruel Violence / 
of. the. then prevailing Bowers* 

» 

TOUR Lordfliip's Father, tlie 
worthy and honpurable Sir 
WMam Scot, of T^irlftaney Ba:— 
ronet, . is fb well known to. be a - 
Gentleman of fuch. Probity, 
Love to his Cbuntiy, pplite 
Learning, . and, complete Ac- 
compliflimehts, , and. to ^ have 
taken fuch extraordinary Care : 
of your Lordihip^s Educatiqttjs 
that his Memory will b^ always 
dear to. all that, have had thp * 
HappineTs c^ hi^Acquaintance.: . 

Mi Lord, after what liiave- 
;offo great Examples, and' 

SijL 10 J 
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(b worthy ©f Imitation, I flialt 
, only add my hearty Wifhesyoik 
may not only equals but ( if 
l^oflible^ even exceed them; 
which cannot fail to render 
*you the Favourit6 of Heaven,, 
and the Darling of Mankind.-. 
lOfli, with the utmoft ,Refpe(5l^ 

My LORDv ; 

. Your Lordfhip's . 
moft obedient: and vetiy 
humble Servant,. . 
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preface; 




BE hfiih% ^reatife is dei 

dear IntfoduSiion^ to the 
Laws of. Motion and centri- . 
petal Forcps for ike Benefit ofTouih^ and 
my own pfimte Ufe in ' Teaching. It ts 
affo partly Mten/&d: for a €onfutatiof^of a 
p^l BaokpttUii^ed laft^Tear^ which hai 
. tately rc^ei^d a fecond Edition^ Intituled^ 
l^mark^^uipon tibe. Newtonian Philofo^ 




lm.Mili the fec9»4 Editmof bh Book 

came. 



c»me abroad with a targe Tref act ^,wUcB^^ 
the fir^ entirely wanted'^ And the Truth 
iiy I mas opt to Abink with other Sy that 
the Name wa^- counterfeit ^ though mw 1. 
find the contrary. In his Preface he com^ 
plains heavily of very hard Ufagefroma 
Set of Men J whofe Inter eft {he Jays) it h 
to fupport the Newtonian Phibfophyy and 
who have indufiriot^y endeavoured to 
fupprifs ^ his Booky Ami hinder e^ery Bbz^ 

. ^f^ombuyingotrHadmgity by decrjMg it in 
altCompaniesy and vilifying him felf as' an 
enterprising fool. 4^dihtp^ h thinks^ 

\ they have a^^^ becaufe^ they are not akle 
to anfwer his Arguments : \For fince Mr: 
Gordon has with no JmalMIJurance and 
Confidence written his^ Book againfitbe^ 
Newtonian ^ Sjftem^Jpfeems he is realty 
perfwadeds that it is impoffible to confute 
what he 'has advanced tO' overthrow that ^ 
Syftem; and is ^ therefbrt^ in his PrefaCf 

' iwhich^ by-thiwayi is not very ctvil to, 
jome learn'drMen) ^tremely prejffing for : 
}an Anfwer^ Bk. Attempt is boJ4^ and 
[ hJt Book:Vsanag'd:wttb too liftte Refpe^ 

t9W0rds^tv9Q fii m(» Mm .as Sif K. 






Newloir 4»^'Dr. Gtcgotyithereforeiht 
'Argments he brings (mainfi them, and the 
incmparabfy befi Sjfiem of natural Pw- 
iafopfy that ever theWotli was hlefi wttbi 
had need be 'my (Irong and comlufroe j 
and yety in ma Judgmenty they are onl} 
the mofi cunning andfuktU Piece ofSophi- 
Jtrythat ever was formed en a Fhyfico-ma' 
thematicalSuljea, His Wayofreafoning 
does indeed, in federal Places of his Book, 
carry a very fpecious Shew and Appear ance 
of perfect Vemonfiration-y. and though 
jtm. nattght at the Bottom, I doubt not but 
it bos amufed many, and even mijkd 
fme into bis Msjiakes, 1 have therefore 
thought it proper, to take his Work fo fat 
to t^k, as plainly^ to lay open theWeahteft; 
Cheat, and Fallacy aftts main Strength in 
a few Scholies W CoroUaric^sf^fc^/p/- 
lowing Jraii, not reckoning it wom whil»_ 
■ to dive a more iarge and direif An^ 

Mr. Gordon^ by the Title Ptige of hii. 

Book, waj obliged to (hew the FalkcieL 

of Sir If. Newton's 4«^ Dr. Gregory's Wtf^ 

thematk4l. 'Dtmonfirations, which he hatj 

' • ' " ' quite 
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hiltedmttud to do. Had he Jhown the 
oophijiry but offome few of them ^ I dart 
venture to [ay^ nay pofiti'vely to affirm^ 
that this would have done him vajtly mote 
Service than all his fine Demonjirationf ; 
itnd would have wade his Book pafs in the 
Wotld^ and procured its Sale ^ in Spit t of 
all the Oppojttion it could have met mth 
from any Party whatjoever. If he thinks 
fity kemay attempt this in a third Edition i 
and tfheaoany Thing this way to Purpofe^ 
I cannot doubt but he will be perfwadedy, 
that I have' hinted a Method to hm^ef^. 
f equally to ruihe tht Reputation of the 
Newtonian Philofophy^ beyond any he has, 
yet tried. But this, IMieve^ he will find to be 
the hardefl Task he [ever undertook in hir 

I domt^pfetendthatsnuchrojtheenfuing: 
Woxk is new except the , Method ana Or- 
dert Butiyet befides the forejdid Scboliei. 
u»^ .Cor^ollaries, and feme .Things that, [^ 
1 think, Ihavefet in a better Light than 
any has done^ore) fome f^ali Part is my- 
own, and perfectly new, as particularly , 
Krop.2$/2p, 3d, iiy i^JJaber/m^ i 
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iioptt I have 'clearly demonftritted thePof. 

fibility that a Body ttfay, by^ a^trcleetile and 

a centripetal Hrce conjoihed, move in a 

Circle, orawf other Curt/ethat it concavi 

to the Center of the centripetal Force : 

Which PoMility has ever hitherto been 

fuppofed by all, andcontradi^ed by none I 

Jknow of before Mr, Gotdon, but never 

plainly demonftrated by any. At the End 

of this Ira^i I have given a full and clear 

DemonJfratioH of ajhort Way of arguing^ 

often ujed by the incomparable Newton 

' and bis Followers, which^ I believe, is 

new 3 and no where elf e to be found, I 

fubtnit the whole to the Judgment of the 

candid Reader, hoping that he will eafily 

pardon or ovet look any light Slips dnd Over' 

fights he may chaHce to met with, * "" 



ADVERTiiSEMEHT; 

ALL Parts of the Matbematich are 
•^ taught by the Author at his Houfe 
^^eitthe€iQiunEdinbKrgb, — - 
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The General Laws of^dtiohj 
and centripetal Forces* 
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PART I. 

*^r I _| L -11 ' - ~ ■ - ■ ^ r ., - -, ^ 

Of the kjaws of (potion, 



DEFllTITlONSi 

i. A ^^ Portion or Qpantttyoi 
p\ Matter or material Sobftance^' 

"*• •*- is called a Phyfttjal or Afii ni» 
tal Bodyi and the 6pace contained by. 
it»^ Surface; is called its Magmutde be 
Buik ' 

3. Tht Motion &fa Bodjf is its (ucce^ 
five GhfiDge qf Place, 

' h 3-1 




l ^ ) 

f r Oler'tty or VelocHy-h an Alfedkm of 
Motion^ wha-d>y a: Bddyruns through 
. la ceftap) Sgace in a certain Time. . ^ 

H. life Bh^ion df , a fitody's Molion - 
IS the firaigfit Courfe, or Path, in which. ' 
the Body tends. ' 

J. An equable of mniform Motion h 
tfaaty whole. Celerity is neither increafedh^ 
nor d^iniiked, but fiiH contlmies^ \\)k 
'|ame*' ■•.•■'■.. 

6* An axelerated Mothn is that," 
3f«rhofe Velocity is ftillincreafing. - 7- 

>♦ 4 retarmd -Motion is that, whb^fe 
yelocity isnill decreafing. ^ 

8, An;ei^udbly'at untfortnl) dcceliritgd 
JMoiion is that, to which in equal Times . 
e^^tral Degrees otCelerity are continually 

addedf 
9i Anipiabiy retmiki Motion h thaf^ji 

jwfaofe Velocity in equal Tisoes is always. 

^ually diminilhed. 

i6i The Force, Power, or Qpjmtity; 

Itjf a Body's Motion, Whereby it isabte 

to produce fuch or fuch anHm^, li caU 

^ vtiMofnetit j ahd 'fc^ is 6ie Force or 

£ower of a Body, wher«l^ ic hi(s aeiMi^ 
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- Momentythough ink^mi « Jitol Motigsf . 

■ . ji, X!wf wbkh rei^, diininift^; 

. 1,2. Gravitation or Gravity i$ ^^ 
farce vpoo 'Podiei, whertfeiy tbeyf afe 

1 if £mfipe^if me ktim, jiifUitiMf, 
^B^yis AQii(i4(^yvarged, Qfi fn^ to 
, Itend " to a eef tain Potot ay a €ent^f . 

W,beoce 'tis i^in, that Oravity is a 
jjeertamSor^of CcAtr^taJ Forcev . 

14., A repiiar £entrtpetai Force is Hiiit,' 
. jvhicb always a^s^y one cooftint ' Rulie 

. -Qt Law. ■ '. .-;■ ■ y ■ . -• ■::.' r 

15. ;^ Gfi»ir^i/^2^eisebat^wi»eE(rby 
4 Body is contiAaaily urged icomr a^eer-. 
-,^in Point. ^ 

t^e^TbeCetfieriQfGr/t^ityofar'BQily 
/m thdl Boiftt tbeffiQfyJbv ivjiich if the 

t 

.J 
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I fo the Body d to theBodies a. and ft^to* 
getber i theif that Poiot: £ will be called 
] the ^common Center of Gxaroity o£ thofe 
t- tliree Bodies a/b, d. 
i After the (anie Manner, may the 
i conlmon Genter. of Gravity of four or " 
\ more Bodies he defined.. 
8 • I p. One Body is faid te> Bt Wjjirikk 
ri ^y^^//^ againfl- another, when the right 

Line in which the firiking Body^s Center ^ 
j of Gravity moves, pafling through the 
e Point in which the two Bodies touch 
5. oneanbther when they meet, is perpen- 
>[ <)icuUr to the Surface of the Body that is 
, ftrock: But to bit 'or fir ike obl^uelfi 
\ when the foref aid Line i^ oblique (and 
I not perpendicular ) to the Surface of this 
> Body that is (truck. . 

^ao^ The relatme Velocity oi'tviio Bor 
dies is the Velocity, whereby the laid 
' Bocties approac|i to, or recede iromi 
one another "5 Which is the Sum ofthe V*-'« 
\ loclties, when the Bodies move toward$-> 
^' ^ntrary Parts; and the Difterencc,, 
S^B towards the fame Part.. ^^ 



\ 
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So when two Bodies AandB(F/^. 
^.) move both towards the lame Part e^ 
the Body a with a greater Velocity, 
and the Body b with a Ids; the Excek 
erf the Velocity of a above the Velocity 
pfB, is the Velocity whereby a and b^ 
approach together, and confequently is 
the relative Velocity of the Bodies a 
and B. Jf A move towards b at Refl, the 
relative Velocity of a and b is the fame 
iwith the Velocity of a. If the Bodies 
U and b move towards contrary Parts> 
t/2. a towards E^and b towards d, or 
U. towards r>i and B^towards^; the rela- 
tive Velocity whereby a and b approach 
to, or recede from one another, is 'the 
*^m of the Velocities of a and b . 

^11. In like Manntr, the relative l^o^ 
• itonot Momem of two Bodies, ft the 
Motion whereby the faid Bodies ap- 
proach to or recede fronii onp another: 
jWhich is the Sum of the Moments or 
'Motions, when the Bodies move to-; 
>ards contrary Parts J andtheDi&rence; 
Shen towards the fame Part* 
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2i: A perfect) bard Body is ihae;. 
•wrbich yields not in the ieaft<o a Steals^, 
^but^keeps its iFtgure unaltered. 

-23. AJoftBoayisthai, whidi changes 
4ts former.Figure by a Stroke, and never 
•of it felf recoveis it-. . 

' 9/^ Att elajfkk Body is tbat^ which 

forfome Time yields to a Stcoke, Wt 

yet at laft refioces itfelf 10 its iaasatt 

Figure, at lead nearly. ..; 

- , 3 ;. Elafiicity or elafiit^ Move . b-Xhat 

iForce, whereby a Body deprived of its 
'former F^uie,^ reftores itieff0^lhe(iatte 

E^itfe:again. . . : ■i3ir:-(.:- 

^6, A petfeSily tlafikksBt^M t}ait; 
- which reftores itlelf taits -lormer Figure, 

with a Force equal to that by .whidlit 
"■^as compre&*d, and loft its. Figure. 

iy* Jhmgiftfsut Bodies 
-the vefyfameNitture, Majoe^ and Can-; 

texture of Parts; as two Pieces of GoU; 

or two .Pieces, of Lead. ' 
i^ A widijrtiyW empty Sface, ul 
'- ia Space that is vokl of all Matter or ma- 

tetftl Subft^ce. " " . 
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2(^ If a Body a (Flg^ f.) ihovtng iii 
tbe right Line a b^ ftrike againft a Piane 
D F, and after tlie Stroke be refk^ed in 
^e right Line Bcr the Angle, abp is 
called the Angle of Incidence yZt\d cpB 
the Angle of Hefie^iion: Bitt moft conv^^ 
monly tte ApgieiA be ( tbe. right Line 
»E being perpendieulaF to tbe Plane fip) 
is called th^ Jingle of Incidtnce^.,Md qb^e 
the Angle of Refleilion. 

^o.1he abfolute ^^tity of a centric 
petal Fmxe is its Meafure greater or lefe, 
a€cardtn§to the Bi&acy of the Gauie tbat 
(iropagates it around from, the Center^: 

So tbe niagnetical Virtue is greater in 
otie Magnet or Load*SC(»le^ and leison 
aaolben . ^, 

31% Tbi aecekrating QUantkypf acpe^^ 
tripetalFor£ei is the Mea/ure of the Vc-* 
lodty that the (aid Fi>rce generates ia ^a 
^ven Time. 

So tbe Virtue of the fame M<gnetjs 
greater at a lefs Diftancti from it, and 
ldiata;gf«ter,piftance.. Atfoatrthe 
lame Diltance ftom^tbc^vfiartb^C the Rp« 
fifiencci of the Air being removed ) all 

Bodies 



*,_ - w,^.—-* 



Bodies .defcend with tbefaaie Degree of 
Velocity, and fo theiraCcelei«Cing.Forces 
<^rc;^ equal i bat'cat ' OBe(|tfil''^'ft<>ti^es 
(they defcftini wttb" lui^qoaL rV^eiodtU^- 
and fo tfadt acceJiierjAkil £Moe$ a^ titf*. 
equat 



^ *. 









ir; py VERY Bddy Of Piece <rfMs>tt«r 

^ will peHever6 iaits^ State of 

Reft, Or uniform Motionp dirc^ly >io^ 

wards i unleis it be compeUU to xbai^ 

/that ^f atef by JTome ioice impr«(sld ilpqii 

2. EKeAs.are ptoperHonal to their fole 
and adequate Qiufes. ''-^ 

So if two Forces, (everally imprefsM 
opon the faffleBod)^, be the jde^jtiate 
and complete C^ufes of two feveral Ma- 
tioDSj^ the (aid Motions will be as the 
laid FotCH. • ' . 

3. Equal Quantities of MittG or 

equal Bodies, carried with. the (ameVe* 

loci^, hav£ equal Momcdts or.Q^ar 

titles of Motion. 

^ - - -- \ ' 4. Equal 



'^ 



4eftroy one jieotliciP. 

^f& a Motion). Cbat ja^ «|iibr«te. tf^ 
•Ifac Difieeesoe of Cheiiid Bkm* . 

tf . A motion that is produced kjf |iM*^ 
fe^ly confpiring Forces ( that i/» fadi For- 
ces asaAaccQftdtQ&Cft tjii^me Dire^oh^ 
and tend ttie very Cime Way y is eqai^ 

IvakoetA) ^SiMipitbtfa^dFQi^ - / 

^ 7. ^ntpgeneous Be^icis or»- their 

4^aotteies of Matter, aie a$ C^ Huliiis 

>j^ tittlatid Bodies. \.. ^ 

t ;& JlJtwofioclicstsketdiceaiy: t^f <H|s 

iagainft the'othcr, the compteffive Fof<ie. 

sor ^Ma^nitutie of the Stroke ar^e'^ txom,. 

and is equivalent to tba Difterenice -^r 

rSum of the MemmitS) according^ a; the 

^Bodies move tovtrardkltlKr dtoe or coq- 

-tiarylParls, that is y tt> Ch&relative Mo« 

'tion or Moment/ i - 

p. A£)ion and Reaf^ion are always 

contrary and equal: Or, tjie Anions of 

' -Iwo Bodies upon one another aa^ ajwayi 

«9ial> mdrnmoaaumy D M»Qi qft & , 
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Bo4yis ^u«U|r HepriefiEbd 4>y this iecoid^ 
a»d tbe Bre^idnjr; of the Pif^ures ar© 
feo^afdft^Glnc^ary Parrsi- and if oneBody 
Bidkkig, agaiaft aobtbef, by its Fotcd 
i»ake an atleration in this other fiodyVi 
MotipD) ttem that firft ficN^y^s Motiofs 
wii)' ^^rgo ^ : effiaL Arlttf ation tcM 
#ards the contrary jpart, by Realon.of the 
Equality of their nnitaai Pre^o. Set 
if the Body a (fig, 6.) ftrike direAly 
tg^nftth^ Body nei^erat Reft, or nfio-^ 
mag more (lowly toward& ie, the Body 
A>witt.lpfe a Part of its Motiontdwards 
hi and the Eody b will gain as mocb^^ 
>that hy B will be urged by a towards i^ 
^^rndx ^Hl be jnft as much reprefied or 
i^tirgedtbe cootraty Way towards d by & 
Ifllike Manher^ if a andiB move towards 
one aflother, -vit. a towards e, and b 
tbvi?tfd.s B. ; when they meet, they 
Will be equally ctrged and pr^ffed l^ 
<nG another towards contrary Parts 
[:L^fyy \l two Bckltes a :q»1 b attrad 
*' one alilther in Proportion to their Quan- 
tities of Matter, the -Moments in both 

■ " will 
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wdlbeequal; fot^if a i)e double of b, a 
will have double die InfiU^nce up(m b 
that B has upon a ; and coiifequently b 
IV ill move towards, a wifh «d^able the 
Celerity of a towards b^ aud-the Bodies 
A and B will be reci{>rocally proportional 
10 their ^Celcmiiis* Whence ( as will 
be^ proved it\ 6Cm$ Fr^.') theM©*- 
ments oi the Bodies will be equalj and 
in like Manner/ in my other Proportion 
6f A td B. .. , , , . 

' lo. Phyfical w natiBralXauftjsare not 
to be multiplied without good Reafon* 

So if one Caofe wilt produce a certain 
EffeiSk, weare not to allow off two for 
that Effect : If twa Caufes will do as 
wellastbr^CjWe are not to allow^of three, 
andfoforth. The Reaiop of this Maseim 
is^ becaufe. Nature proceeds aftar the 
iimpleft Method f for furely die Great- 
nefs, Wifdom, and Glory of ,God is 
more confpioious in produicihg great and 
wonderful Efiefts by fimple t^n by ma« 
nifoid Means. ~ ^ - ^ 

PnoiPf 
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IN equable and uniform Motions of Bo^^ 
dies J iftkeTitnes be the fame or equal i 
thihengthsor Spaces runthtovgh wdlbe^ 
poportional to the Celerities. \ 

Let a Bo3y in a given Time run! 
through the Space a b with aGeleritjjl 
reprefented by cj and in the fame or an 
equal Time, let the fame, or any c^bec, 
Body ran through tlie Space pe, with( 
a GeJerity ireprdentecl by c. Ifay the 
Linie a b will be to the Line 6 e ( botlij 
being run through with uniform Moti^ 
ODs) as the (>ierity c is Co the Celeb- 
rity c ^ 
i For if the Celerity c be double of the 
Celerity c^ then the Space ab rurt 
through with, the Celerity c, will be 
double of th^ Space d e run through inj 
the fame Time with the Celerity, ftf 
And if c be triple of c, then a b wil| 
be tripleof d s; Alfo, ifc be ball of ^> 



j1 



(hen will A B be half of de. And univer- 
sally, whatever Proportion c bears to c, 
the fame Proportion does, ab bear to 

' ^Corollaries^ 



f • XT ENCE3 if the Times of Motion 
■^^ be unequal, the Spaces tun 
through A By D E will riot be proportional 
to the Celerities c, c. 

If this be <lenicd, fuppofe there be as 
!a b '/d e I : ci : c. Then fince ( by hj/p. ) 
the;Timeswhetein the Spaces A B and 
1>E are run throilgh^ are unequal: Let us 
fuppofe AB to be run through in a grea- 
ter Time than d e, and f6me Part of a b, , 
as A ^1 will be run through in the fame 
Time with de : Wherefore ( by 1. Prop.) 
there will be as a E : d e : : c : c. But, as 
before, there is as . a b : d e : : c : c^ 
Whence as a f : de : : a b : p E.jand con- 
feguently a f !=: ab. w. i, a. ^ 

2. If the Spaces run through, be pro- I 
portibnai to the Celerities, the Times \ 

of Motion will be the fame or equal. 

For 



For if the Times be faid to beuri-- 
equal i then ( by i. Cou ) the Spaces 
- ipn thro* will not be proportional tp^ttc 
Odcrities, contrary to Hypotbi-^ ~- 

Proposition IJ*- 

iN uniform Motions^ if ihi CeUfitiei 
^ be equal; the Spaces run thro* will . 
be proportional, to the Times of'Motii. 
on. 

Suppofea Body run through the Spaos; 
sin the Tim^ t^ and another Body with 
equal CeJerity run through the Space.^ 
s in the Time t : livj therie will be as s : 

For if The Dou1>le off, then will s he 
double of J ;.. and if x. be triple, or an half 
of t^ (o will s be tripk^or an half of /♦ 
And univerfally, whatever Proportion 

jTyX bears to t* the fame Proportkm will. 

\ is. bear to /• w, vr.j>.^ 



■I . 
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ttEN^^E, if the Times be » the 
••^ Spaces, the Celerities , will be 
equal. 

This may be iateiT'dfrop) x Vrop, after 
the {ame Manner as a ^. x Frop, lyas 
infeired. from x Prop. For we may 
eafily prove, that, if the Velocities be.unr 
equal, the Spaces run thro* wilh not be; . 
pfoportional to the Times, which de^ 
groys the h^ifoth, ' 

Profosition IIK 

* 
* 

(TlUfor., figifi 

TTiV compafed Motions^ if the Celerities 
S- be equals the: Moments or J^ntitier 
of Motion of the moved Bodies^ wiH" 
be as their j^antities of fatter or the 
Bodies themiihes. 

Let two Bodies a and b be both cftN 
fled with theime Celerity c: I Tay that 

the 



the Moment of a is to the Moment oIb; 
as the Body a is to the Body b. 

For if the Body a be double of the 
Body B^ the Body a may be divided iitf o 
two equal Parts, which moved both 
with the Celerity c, have ( by 3 Max. ) 
equal Moments, each whereof is equal 
to the Moment of b moved with thfi 
Celerity c: And (o the moment of a 
will be double ot the Moment of b. In like 
Manner, if a be triple of is, may we 
prove the Moment of a to be triple of 
the Moment of b. So alfo^ if Abe half 
of B, we may pfove the Moment of a to 
be half of the Moment of Bt Anduniver^ 
fally, the Body a is to the Body b, tis 
the Moment of a is to the Moment of 

CwoUariesl^ 






M 



^iTT^Il DM hence and jMaxl it the 
~ " Bodies be homogejiequs s tbtejr 
Moments will be as tfaeir Boflks or Mag* 
nitudcs. •' 



ri I 
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!^., If t^MomenCs heas thai Bodtp^; . 
Che Qeleriti^ wiU b^ equal. 
3^bi? IpllpWJ aj Cor, * PropK 

/ 

/ 

I^ «, O^^O^SJ T.I p H LV:,, . 

IN- compaad^ Motiow., of the Jame or 
equal BodUsythir Momem will b€ 
pcjoporthnd toAbeVelocitiej. 

^et two>eq(3al Bodies a apd B«>bfK 
.J>ipv^d,,tbe focmer with tbe^ Celerity 
;c>, the latter with the Celerity c. IJay, 
iasthe Moment of a. is to the Monoent 
of B» fo.is the Celerity c^totheCelo; 

Suppofe the Bodies a and.B:.beiiAP 
|)eird by two feveral Forces, that/ catife 
l^m to move witl\ th$;:Celerities c and^ 
r. Since the Bodies a. and b are equal 
in Matters if the Forcp impjreft on a lye 
idbubJe the Force; impreft oq B>*the 
jMoBiftnt oi a: will ( ky 2. MaK ) be 

ffoobk the Moment st »^ and^^wjlljc 

the 
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l^e< Celerity of a be douUc. of ( the 
Celerity of^B. 

In like Manner, ifthe Force ifkipreft on 
A be half oEthe Force inpipreft on b j the 
Moment of a will be half of the Mor- 
ment of b, and c halt of c. And univer* 
(ally, as the Moment of a is to t(ie Mo- 
ment of B3 fo JsibeXIekiity^ c to the Ce^ 

Iprity'C. w. w. Df 

-. ■ 

, ;: 4'Cdrolidryi/ . ' 

3;V the. MoixK^flts be as th^ Celeriti!e$> 
-»^ the Bodies will .be.equal. 
This foUows .as Cor,. 2 Prop^, 

4.t-pnma,. 

IP there be. attf I^umber. afi' ^ntU 
ties of the fame Kind^ .the Vtvponion 
af. the firfi. to the l^^ is compiamcUd .ef 
all the mermetUate PrafprtiQfts. So in 
.three Quamities a, f, c,' there it 

A A O ' 

^■=»;^X:^;;iB.foitt AjB,, c, p, tt^^rc^ll 

5 1= |.X ^^^i andlb loitb.. ; 

This, k a. weU known P^iple 'm 
iSewnetrvv. 

- Pros 



( « ) 

Propomtjon V# 

IN compared Matiow, the Prefortion 
of the Mmnentt hcompottndea of thi -: 
direSi Proportion of the Bcdiei and their < 
Qekriiief^ 

Suppofe- two Bodies b and J be car«« 
ffed, the former with the Celerity c,; 
the latter with the Celerjty c j and letr 
M denote, the Moment of b^ and m that 

of h. I lay there will be jjr'jX 7. 

Let G denote a third Body equal in < 
Matter to the Body b ; but iuppofe it 
moved with the Celerity c of the Body 
hi and let » denote its foment. Now. 

{ by preced ': Lemma ) ^ « - ^ iC ^J batv 
Xby4 Prop,) ^ K-7, and,(by J Pro?.) 

L"is«|s|.ThercforcK^afx|. ^^ 



s 



CcYoUariiSl ^ 

m 

fc' XJENCE,, the Proportion of. the 
•■-*■ Cekritiesi is compounded of the 
4ire^. Proportion ol the Moments and ^ 
the. reciprocal Proportion of tbeBodiei: 

For (by J Prop.) sfa= |j« 7= wSere^ 
fore dividing both Sides by -j- , you- wilt 

a. The Proportion of the ' Bodies; 
ktcompounded of the dire£^ Proportion' 
of the Moments and the reciprocal Pro- 
portion of the^ Celerities ^ That is. 

For( by 5,Prop; ) Sis- Ix^ whence 
by^ dividing^ by f^^^ there, is | st 

3. If the Bodies be homogeneous; 
the jProportion of their Moments, wiH: 

"be 



. ( " ) 

be compounded of the direA Propprtlon 
of their Bulks and (Selerities. T5e Pro- 
l^rtion of the delerities, will be com- 
pounded of the dire£^ ProportiQn of Cha 
Moments, and the reciprocal Proportion 
of the Bulks: And the Proportion of the 
Bulks, of the direft Proportion of the 
Moments, and the reciprocal Proportion 
of the Celerities. As is evident from f 
Propi and i and a Cor. and 7 Max. 

4. Tiie Moments m, in of two Bo^ 
'dies B^ b^ are as theRe^ngles or Pro* 
dudis B X c, b %c of the Bodies nralti- 
plied into iheir Celerities c, c : And if* 
the Bodies be homogeneous, as^the Pro« 
duds of their Bulks into their Celerities:. 
As is evident from y 'Prop. Hence, 

5. The.Momentofany Bodymay be 
confidered, as the ProdiiS. of the faid 

^ Body multiplied into its Celerity. 

6. If the Moments of two Bodies be 
equal ^ the Bodies wiH be. reciprocally 

^ proportional to their Celerities^ And on 
the contrary. 

For if M be s i» : Since ( by 4 Cor.) 
is is M imn B X c :^ x^^ C^n ^ ^K^ ^ 



< *3 ) 

i Xc, and confequently asBt^b::c: c^ 
And on the contrary, if there be as b: 

bu €;X3 then is bXc J=? *X^s and 
confe<juently ( by 4 Or. ) m :=im. 

7. The Velocities of Bodies are as 
tfee Moments applied to the Bodies, that 
isy as' the Quotes ref ulting from the 
Moments divided by the Bodies# 

ForCbyiGr07is:=s-.X'S-^^T' 
and confequently as h c\ ci\ g-:^* 

Hence*^ ; 

■^ 8. The Velocity of a Body maybe 
cdnHdered as the Moment applied to, 
or divided by th6 Body, 

9. Bodies are as their Moments ap^] 
plied to th^ir Celerities. , 

Por{byaC«'.)T« = w^c-c'^r* 
and confequefttly as b : J : : -jg •• " . Hence; 

• 10. A Body may be confidered as i^ 
Moment applied to its Velocity. 



I 
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^ Kovo'sir tpv VL V 

IK uniform Motionf, ihe Sfacei tun 
thnugh are in a compound Fro*^ 
portion of the l^ttfei and CeUriti/t» 

Let the Line s be a ^ace run thro' 
with theCeleflty c in the Time t, and 
the Line / another Space run thro' witlr 
the Celerity c in the Time U I fay there 

will be^ 55 7 XT'' 

Let 'F be a Space ran thro' with the 
Celeiity f ip the Time t. Then (by 

Lem. $ Pw^)«7-|>^7^ bot be* • 
caufe s and f are ran thro' in the fame 
Time t, therefore ( by i Prdp. ) is 

I -5 • Again,becabTe Fand / ate'run thro* 
with the (jwnc Celerity f^ therefore 
(by » Trap. ) is 7-7 j whence f is 

=7>^r* >*• w. D. 

Cwoi' , 



^ 
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Corollariesl 

■ ^ - ^* 1 

f. The Proportion of the TimeSjrii 
compodtided of the dire^ t>roportiot» o| 
the Spaces, and the reciprocal Proportion 

of the Velocities J t&<inV,X issir^^* 

For (by 6 Prop. ) tisss^X^J 
Therefore, by dividing by 2 , is ^ cs 

V , • ,-" ,X c '^^ c 

s. The Celerities are in the dire^ 
Proportion of the Spaces, and the reci* 

procal Proportion of the Times j that is^ 

c . s- .» 

7 iss-x^» 

This is proved. from'tf Vfop^ after thi^ 
(ame Marnier as r €or^ 

3. The {paces run thro* s, /, are as 
the Produfts cXT, cxt,6f the Celeri-l 
ties and Times jiis is evident from 6 Prop: 
And fo any Space run thro' may be con 
fider'd as tlie Produ^ of the ^>leii:it) inWs 
t^cTime. 
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5* If the Spaces be equals the Cele* 
rities wili be reciprocally proportional 
to the Times j and on the contrary.. -^ 

For if s be a / ; then- ( by 3 Cvr. ) is 
fc X T 3 exty and conlequtntly as c : c a : 
t: T* And If there be as c : c : :t -: t, 
jthen is c x t J=i ex ^ and fo s = /. 

y The Time is as the Space aj)plied 
to the Celerity.. r 

; for(by,Gr.)l;u4xE=|^-i: 

(Whence :as T^' J r^ iiji/ 

6. The Celerity . is as the Space ap- 
plied to the Time. 

For (by 2 Cor.) S,isa-xi=s1:--: 
Whence as c,c::i.*-. 

Pro pp sit ion VII» 

T^ uniform f^otwnSy the "Moments are 
as the TProdu^fs of the Bodies and 
Spaces applied to the Times i_ that is, 
f the Bodies, Moments, Spam, and 
' ' ~ '" ^ Times 



1 
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IhMi being tefpe 61 hely denoted hf 5, hi 
^^ mi Sy SyTy U as before) there is yU 
M: /m ; ; ■ "^ ■ ■ : ^ t 

-^ T • / 

For(by4C(?ny.Pr«?//^)^ isa |A£ ^ 
Ik^. fiut ( by ^ Cor. 6 Prop, ) as-c» 

» -* 6 * i XT " 6 i T . 

M-^li: Whence as m:»»;:;^; ii 



'T'HE fame Thing may He more 
■ ■*^ briefly exprefled thus i the Mo' 
ment is as the prodnil of the Body apd 
Space applied to the" Tune, tbae is, m is 

as 5^ i and very compendioufly demon- 

ftrated thus. _^ 

By J Ccr. 5 Pw/». m' is as B c : But 
f fcy 6 Cor, 6 Prop.) CIS as 4, \l*h^re«. 

C % tore 



X 



( is ) 

A, B'S 



^ CwoIUtr^ 



* llenw; ff the Times be equal, tbe^ 
Mdrtteuts will be as t^ Prodtf^of thig 
Bod[eJ and Spaces. 

^ FjR OP OS IT ION VIIK. 

- • ^ 

IFthets be, injt vffid Space^ twh fift^ 
or perfe^ly hc^d Bodies , free from the 
^A^ion and Interne of ill other Bodies i 
and the one ftrike direSUy . dgainfl the 
pthery whether that upon which the Stroke 
if. made be at Refti or moves more jlowh 
i&ipardi thejame Party or l^flly towards 
ihHoittraty i*art with a lefs Motion 0* 
Mometitir~~jifter the Stroke^ they will both 
move cbfe togtther^ with one and the fame 
Degree, bf Vel9Cit% towards that Farf 

isMther tht firihit^ ^ods tendidi 



Let the Body b moving towards i 
ftrik^ diredly upon the Bodyx^, cither 2 
Reft, or moving towards e with lekQi 
ferity than that of Bj or moving the cor 
trary Way towards d with a fmallc 
Quantity of Mbtion- Then ^the Body I 
when ftrucfc by the Body b,' will mov 
towards e.. Bqt 5 cannot move flow 
than B, by reafon of b following it j nc 
c^n b move fafter than b, there bein 
(by Hy/).) no Etafticity, nor any otb 
Gaufe to feparate them when me 
Therefore the BodresB and b^ after Coll 
(ion, will both mdve flofe togeth< 
towards s^ with the ianie Degree < 
^felocity. ' . " "_ 

r- _ PRorosix^ON 1X5 

: (Iheor,- 

I. \ ' 

1F3 in a void Space ^ two per fed 
elajiick Bodies {ft eefrom the^influen^ 
.ofgll other Birdies ) Jlrike direCfty the d; 
againft thi/^ other 5 their relative Velocii 
' mer the Stroke y wpllbe equal to thsirr 



.* 
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\a^^ Vflocit) before^ the Stroke: Mi- 
conleqamtlj th Bodfesy after CoUifu>ni.^ 
iHUl recede from one another with the 
fofne F'elocity wherewith they ap.proach'd^ 
before.. 

For in any twoBodies when they meet^^ 
the compreflive Force is,C by 8 MaoCk ) 
|quiv4lenttothe reUtiye Motion before- 
|he Slroiie: But in perfedly elaftick. 
jBodieSj the compreffive Force is ( by. 
|!?6 Def. ) equivalent to the Elafticfty ot 
ijettifufive Force. Therefore the relative- 
JS^qtiphbe/ope'the Stroke,' is equivalent: 
19 ^he rjftitutive Force after the Stroke ;: 
5AniJ f (lis relative Motion is the /bie Caui^ ; 
/of the relative Telocity before the Stroke.'. 
Now, if there was no reftitutivfe Force,^ 
the Bodies^ after th^ Stroke, would (by; 
. i8 Prop. ) riiove dole together with the- 
. Came Velocity, wkbout any relative: 
(Velocity: But the reftitutivc^ Forcci^ 
, )»akes them feparate, and recede from . 
;tpne another alter . the Stroke, and Ss>. 
fcreates a new relative. Velocity, wherepr 
the* kiid ^^eftitutive Force is the lole 
Caufe* Therefore tlie iclative Motion 

before 
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before the Stroke^ and the refiituti^e, 
fiorceafCer the Stroke, being, as before ^r. 
^tiivalent^ and thelole. Gaufes olthe . 
i»Jative Velocity befoi^e and after tlie - 
Scrokei^it is evident ( from 2 M^x< )tba(' 
the faid relative Velocities are equak 
Afid conieq^entlyw the Bodies after CoU 
Hfion, will recede from one another ju(i 
sa && jis they approached belorei w» w» th^. 

I^ROPrOSiTldK X.. 



^ 




(Hlpr,. jRg. 13;. 

' Spaced either tcwardt the fame of* 
fonttary Vanti Jfrike dire^iy the om- 
4igainfi theotber } jihe Smt of 4r MQtim 
m! Momem^ t^wardt; eheami the fim 
^0rtimU hi: the fmeyofkrtht Bodiis^: 
jki^,th4t it'fiktrbifoYe,. 

JUet »-.and b beitwo mevibig BodfesJ 
and let cbfe the Celerity of b, and c tSaslt 
of ^j "alfo let m denote the Moment 
loft to Bj and coiniDaunicated by b: to k ^ 
b^ thcStto^Cj 



c 



( 3^ ) 

1. Cafe. Suppofe the Bodies b, ^, botfir 
fnove> towards the fame Part e, before 
the Stroke. Then ( by y Cor. 5 Prop. } 
re is the Moment or Motion of b to^ 
wards e, before the Stroke^ and k c tlie 
Motion of h towards ej whofe Sunvis 
Bc + ^c: Bat after the Stroke, the Mo- 
tion of F towards e is b c -?» w, and that 
of ^ towards e is be + w j whofe Swti 
isBC + ^r, as before. 

2. Caft. Suppofe t he-Bodies b, ^, be- 
fore the Stroke, move towards contrary 
Parts, viz. ^towards e^ and b towards d : 
iXhen ( by 3f Cor. j Prop.^ ) b c is the 
Moment or Motion of b towards e, and 
{be the IVIotion oi b towards i>, and 
fo ) — ^ f the Motion of b towards e j 
^At is J Bc—* be is the Sam of the Mo* 
i^ions towards e before the^ Stroke. Btit 
lafter the Stroke, the Motion of b tdr 
.wards e, is b c -^ /w, and that of i toward^ 
Bis-Mic-i. wrjwhofe Sum isB<3^^r;i 
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\ ♦ 

J^ F the Body J be at Reft before tlifr 
. Strc^e, that is i if c be =3 o, and con- 
kqneatly -bc:=aoi then the Motion ofe 
tiie Body B^^ alone towards i, before the 
Stroke, is the whole Motion of both 
Bodies b and^ towards i after the Strofeem. 
Becaufe, in that Cafe, nc^t^e is « 

-r- ^ - ' , 

pRi>posiri;aN Xlt 

Ppol>L . Fig. 1 ji ' 

I *-• • . , • ' 

TO determim "the CeUrities and Mb-i- 
iiom of (oft and perfeiily hard Bo- 
difSy afur the/ pike dm&ly oHe agflinfit 

another, ' ;. 

That two fuch Bodies, after the Str<4e, 
Will move with one common Yelocityj) 
i« evident from 8 Prop. to. detern^ine 
Which, ^uppofe the Body b* move with, 
a greater Motion, and; the' Body ^ with; 

a lefs, towards the fame or contrary, 
r, -^* • -- -- - Parts Is 
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Parts; and let c denote the Celerity of 
B, before the Stroke^ and c that of b. Now 
if B and ^ move towards the fame Part. 
Bj the Sum of their Motions towardi 
that Part, before they ftrike, will h^ 
B c Hh^ c i but if towards contrary Parts, 
n)iz. B towards i^ lan^ b tows^ds d^ the- 
Sum of the Motions towards b, before 
Ihe Stroke, will be b c -- ^ c. Bot ( by 
to Prop.) the Sum of the Motions to- 
wards the fame Part, is the fame before* 
and after the Stroke. Therefore the 
whole Motion of the Bodies tOTvards-r, 
after the Stroke^^sis b c:+ b c oiBq^boj 
according as they< tended * towards the 
\ fame or contrary Parts before the Stroke. 

.therefore ( by S Cor. 5 Prop. ) ~^^, 

or ^^7^\' will give the common Velo- 
city to wards e, after the Stroke, 

If the Body b be at Reft before the. 
Stroke, thai is^ if c be^so^ the com- 
mon Velocity of the Bodies, after the 
Stroke^willbe^^^ 
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tithe Bodies b anil A move towards con- 
trary Parts, with equal Motions or Mo- 
ments i then will J c-i^jjg_ j^^j 

//, their common Celerity, after the 
Stroke, will be nothing, and fo they 
will Ipoth reft. . 

Therefore, if the Bodies B, ^, be given,' 
and ai^io their Celerities t, c, before the 
Stroke j the coiiiaion Cekrity, after the 
Stroke, will ealily be found. Fotlnftance, 
fuppole B = 3, ^ =3 2, c.s 7, c =; 5 J 
and fuppofe the Bodies move both 
towirds E, before the Stroke j then is 

^^TT - -~- - <5 7'tt»e Degrees( after 
the Mroke) of the common Velocity to- 
-war ds i. If b,A movecomFafry Ways before 

the Stroke i then is ^§^72 - the 

common Velocity [ after the Stroke) yet 
to wards E, becaufe b c is more than ^ c. 

The Moment of each Body, after the 
Stroke is had, by multiplying each into 
the comm on Velocity j as is cvideatTrom 
5C?r, ^ Prop, 

» 
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IF two Bodies b, J, mo've both to* 
wards the fame Part e, b with a 
flower Motion^ and b x^ith a fwifteti or 
the Body b towards %^ and b towards 
the contrary Part d, with equal or un* 
equal Motions: Then in both Qafes^ the 
relative Celerity of theft Bodies .addtd 
to the Celerity of the Body b, will give 
the Celerity of the Body b. 

The fir ft Cafe is evid'enti bccaufethe 
relative Celerity in^tbat Cafe, is (by to 
D^f. ) the Difference of thetwofimple 
Celerities i and the Difference of any 
two Qpan tides added to Che le^er gives 
the greater. \ • 

In the fecorid Cafe let c denote 
the Celerity of the Body b, and r that 
of the Body b ; then ( by 20 Def. ) c + c 
is their relative Celerity. Now if we 
confider the Celerity c^ as a pofitive 
Quantity, the Celerity c being the di- 
re^ contrary Way will be a neg«rtiveoDe, 
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«n(f foe + c added to,-^ c gives c the Cd; 
lerity of the Body ^. 

./ - ■■ - ' 

Proposition Xllr 
ProbL Fig, 1^ . ^ ^ 

TO detiYfniui the Velocities of perfe^tj 
elajiick Bodies^ after the) fir ike dired^ 
ly one againfi another . 

1 . Siipp^le two perfeiaiy elaftick Bo- 
dies ^B, h^ move towards' the famp Part 
E before they.ftrike, & with the 
Celerity c, and 6 with tbe Celerity 
c: Whence the relative Celerity,' - 
before the Stroke; will ( by 20' 
T)ef. ) be c --^ c. Therefore, fince ( by 9 
'Vrop. ) c -^ c is alfo the relat^ive Celerity 
after the Stroke^\ as well as before j if 
we put a;, for the Celerity of , i, and z ■ 
lot that of b^ after the Stroke^ and leave 
jc undetermined to theSign + or -* ^ ( be*; 
caufe though ^^ after the Stroke, muft cer- 
tainly move towards g, yet b after ||ic 
Stroke may move either towards e or d ) 
* we jxill have x f c--^c^ z^hy pre- 
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ceei. Lent. For Inftance, if x be s 3 ; 
suid 2 3 y J then c -^ c the relative Ve- 
locity, after the Stroke, is either 2 or 8, 
according as the Body b, after the Stroke, 
moves towards t or d; and. Jt ^ ^^^ 
jlss J, alfo — 3 +835. 

Now the Motion of b towards e, after 
the Stroke ( by y Cor. j Prop. ) is b jc 
with an undetermined Sign,* and the 
Motion df ^ towards e, after the Stroke, 
h{bz a) ^^ + i c — ic: Andfothe 
Sam of thefe two Motions, or the whole 
Motion of B and b towards s, after the 
Stroke, is bx +^^: + ^c -* ^c; Butthe 
whole Motion towards e, before the 
Stroke^ is b c + I? c. Therefore ( by 10 
Prop.) isBX +bx+J^c^ bc^ bc + 
fcr: Whence hx •\^bx^'Rc + ibC'-^bci 

And 10 «;=: g-qrs — -^j which Ce- 

krity 5C ( of the Body b ^ter rte Stroke ) 
will be either pofitive, and fo towards e, 
or elfe negative, and fo to wards d, accor- 
ding as B c f 2 6(r is more or lefsthan 

* c»- . . • - 

Agaa 



Again, the Celerity of ^, after tH^ 
Stroke, viz. z is ('=3 x Hh c-.cs3,' 

STTj-^ + C -» C ) S ^Tj^^ • 

Wherefore, if twq perfedly elafticfc 
Bodies b, b, moving to the fame Parte,' 
be given, and alfo their Celerities c, r, 
beiore the Stroke j it will beeafy to find 
thfir Celerities ;«, s, after the Stroke; 
and to what Parts they tend. For 
loftance, fuppole b sa, 3 , ^ =5- a , crs 7; 

c=3 5itheniiix(s: g^.^ » 

• — ^-j-— ^ s 4 5.- ; . that ■ //, the 
Eodya, aftertlie Stroke^ moves yet to- 
w^ards e ( by Reafon of thepoiitiveS%tt^ 

with 5^ Degrees of Celerity. Agaiir; 

+ 7 p r^»a/ //, the Body ^, after- the 

Stroke, movesto wards e with 7 ^ De^ 
grees of Celerity. And the relative 

iVelociCy> after the Stroke, 7j* ^ ^ ^ is 

Da 



c 
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aqual tP 7 -* S,the relative Veliicity be- 
fore the Stroke, as it ihould be« 
If B be =3 2, ^=5 j, c;=3 13, cs. jj 

then X = c '"-^i^r'" " = :> - 

;i -^-^ Wherefore the Sign of i- or x 

being negative, the Body b, after the 
Stroke, moves backwards to wards b with 

the Celerity 17 . Again, z (a — g^fn — J 

is a + 8"^: Wherefore the Body ^, after | 
the Stroke, moves towards i with the j 

Celerity 8 ;j. - ; i 

2. If the elaftick Bodies, b, &, before 
the Stroke, move with the Celerities c^c, 
towards contrary Parts, naiz. ^ towards 
I, and h towards t>\ their relative C^ele- 
. rity, before^^the Stroke, will be c + Ct 
'Therefore ( by 9 Vro^.)c + r will alfa 
be their relative Celerity after the 
Stroke \ and if we put \x:, ;s for their 
Vflmtple" Celerities after the Stroke, lea- 
ving the Signs bpth of x and z undeter- , 
ihiried, thpl-.e will ( by precjsed. Lem^) be 
X * C i" (^5=i»f Npw the Motion of b 

to- 
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^bvmis BiSfter the Stroke, is Bjrj and (bat 
•( 6 towards e is(izss )bx >i- be i, 
h c i whole Sufri b«! + ^ x ■{■ bc+^.bi is 
((by lo Prop. >=3 bg— *r,the whole 
Moti^ of B and ^ towards e before the 
Stroke, '' Whence bx 4.^ x is ss b c n- 
ko'-*2:lfV} and x(^ the Celerity ofs af- 
ter the Stroke) =5 "^"b^^7**' poTi- 

tive or negative, according as b c is more 
or lefs than ^ c + 2 l& c. 

Again, 25 ( the Velocity of 4 afrerthe 
Stroke) isax + c+^ « b c-.^^cu ^. 

Whence^ in the Gafe of two per;fci5ily . 
elafiicki Bodies b, J, moving toward ^ 
contrary Parts i, d ; the Bodies tbcm- 
felvcsi ^^^ their Celerities q c, before* 
the Stroke, beioggiven; wemayeafily 
find their Celerities x^ z^ after th^et 
Stroke, and to what Parts die Bodies- 
lend* . For Examplej fuppofe b^ ^ 3> 
ii .» 1, <^ s 7, c V a y J then is x ^ sir 
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tbe Body b before the Stroke, moving^ 

towards E with 7 Degrees oi Velocity,. 

will after the. Stroke move towards the 

. contrary Part d. (.becaufe ol the negative 

Sign before 2 M with ii Degrees of 

Velocity. Again^^jss ( — b4^ ^ ^ 

^P-^V therefore t^ie Body ^, after the 
^tiipke^ will move towards e: with. 

8 7 Degrees of Velocity. 

•*/ ^-' ^ • _. ' • 

€ortlluiksi \ 

5: TFtheelaftickBo^yB move towards e 

-*• before thfe Stroke, and the other Bo- 

ayi- be at Reft i. then is c-s o, and confe- 

iquently xa" e^j^.^. > and as b. + 6: 
» -^4 : t; c : 3f»- Again, iSnce c is a. o, 

therefore is 25 == -fxi* and as » + ^« ». 
B ;: c .* 2^ Henc9, if Bibe j=5 5-at ReO» 
theQ is X a ( -^ -J^ - :;i^ o, ^*; h, 9; 

. tft«flbeStrokejreftJiand2i=!(.*a^=:,) . 
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^^ thatJsy by after' the Stroke, moves 
towards e with the Celerity that b had 
before the Stroke*, ' 

jfc. If the elaftkk Bodies B and i be 
equal, and move towards contrary 
Parts before the Stroke : Theri is x » 

• -M2Br_\ , / + aBC_,\ 

Hrc; that isy after the Stroke,^ the Bo- 
dies B, ^5 win move towards contrary 
Parts; with, interchanged yelocities, 
"VIZ. hy after the Stroke, with the Ve-r 
Ipcity of b before the Stroke, and by af- 
ter the Stroke, with the Velocity oHb 
belore the Stroke., 

3 . If tlie Bodies b, by be equaJ,' 
and move towards the fame Part'betqr^ 
the Stcoke, ^ going before with the Ve- 
locity r,^ and b following with a grea^ 

tcrVelocifry c;. then is j? =::.( b'?T'*^ 
--Ij--^/ •* c? and 2 -^ \^-t.k * 

4i H the Oodles b, iS, ( whether equal 

gr unequal J move to wgrds contrary Parts 

I ' be- 
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before the Stroke^ and there be ai b?^ 
^:: c:.Cj then is bc s^ ^, that //, the 
Moments or MoticAs are equ^l; and^ 

v*^" FTT "^ B+* y IS « 

« c, and 2; Ir* — Firr ^fT/ 

iss -fA 

PrKOJfdsiTjoix xmi. 

T&^(?r# Fig.ifi, 

iiPti Bo^* A nuroe mifomly in the right ■ 
him A B, whilst the faid Lme A'-b, 
moves uniformly always parallel ta itfelf, 
keeping its Extremitji a in the right Line' 
ACi and the Parallelogram AiTtcbe* 
ing completed^ iftheVeloritj of the Body : 
jt./» the LtneABi beta the Velocity (f the 
LinefAh itfelffas ABto a c: Then the 
.Body A. by this compound Motion, mil 
reaJ^. dejcribe tjbe Diagonal AJkin the. 
fame lime that it defcrtkesthe Line a^^ 
ror that the Bnd a of the Line .a 3 de* 
fctiiestbeUne^Cf., 



•When the Line a Bcomcsto any other 
SiCuation a b^ let g be the Place oi the 
Body A J and draw g g parallel to a c» 
Now, fince the Spaces run thro' in the 
fame Time, by'tne Body a in the Line 
A B or rt b^ and by the Line a b itfelf, 
are ag or dg and ku or g ^s therefofe 
(by 1 Frop^y as is ag to xct^ fo is the 
Velocity of the Body a in the Line ab 
to the Velocity of the Line a.?, that 
isy ( by Hyp. ) a b to A c. Whence the 
Paralellograms^ G and c b aref fimilar : 
.Thereforethe Point ^ is (by 26. 6.Eucl.) 
in the Diagonal a d s and confequently 
( fince the Point g was taken at Pleafure, 
a b being taken^iq any Situatioti parallel 
to ab) ihe ^ody a wjU always be in 
the Diagonal a d« And that it will 
defcribe the Diagonal a p in the fame 
Time that it deicribes the' Side a b, or 
that A B deicribes a c> i^ evident ,• be- 
cause ( by Hyp. ) thefVelocity of the 
Body A in the Line a B is to the Veloci- 
ty qf the Line ab as ABto aC) and 
confequently ( by 2 Cor. \ Prop.)< in the 
iam.^ Time that Che Body a^ moving 




( 4^.) 
in AB> deferibes ab. In fbelamef 
A B defcribes a c, and at the End 
laid Time coincides witfa e d* ' 

V 

A Corollary* 

i 

XJENCB it aevid^nti. that, if 'a Bfiidy 
•*•"*■ A be urged by two Fotces together," 
theoaeaaing in the Dire^ion ab, atid- 
the other in the Diredion a c s ^ ^ TcQtd^ 
»aing'in the Diredion a b will not at all 
hinder the Motion (by the other Force ) 
oi the Body a towards c D parallel to 
A 6, nor will the Force in the Oire^ion 
AC hinder the Motionof the Body a 
to wacds B D parallel to AC* 

PRo»osiTioiiXIV.> 
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Hitf&r. Fig, ifr 

y * •■ - • 

IP (t Bod^ A havi two forces imprtjl 
upon it together in different T>ireSii9Hii 
fry which Forcei a&i^fefarately, it would 
uniformly dejcribe the Sdis ab, ac ef 
Oi raralUhgram AiDG in equal Timtf, 

. ■.\ ^ or- 
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er ( by i Prop, ) with VelocHies as^ a b* 
A g:'1 fa% thai the Body a with thefe 
two Forcer ttmtsd, will defer ibe the D/>- 
^nai AD, in the fame lime that ipwould 
defer the a b, or ac with the one, or the 
fit her of the faid Forces ailing feparate^ 

Snppafe the Bo4y a could defcribe the 
Side A B, itt the Time x, with a cer- 
tain Force mj and in the faow or equal 
Time, the Side a c, with anothet 
Force n : The Force n a^ing in the Di- 
r6£iion ac, is ( by Cor, i^ Prop,) no 
In>j)ediment to the Body's Motion to- 
wards bd, arifing from the Force'M J the 
Body_ therefore will bevcarried to the, 
Line b-d, intbe fame Time x, whether 
the Force k be impreft or not : There- 
fore at the End of the Time x, it will 
be found fomewhere in the Line b d. By 
the fame Argument, it willattheEndof 
the Time x be found fomewhere in c m 
8nd therefore of Neceffify in the Con-' 
courfe D of Ihe faid Lines b d and c d j 
,and lo by the Forces m and n united, tt 
th.^' compooad Force, moves in the 

" Diago: 



/v 
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Piagonal ab^ "Wherefore the Veloci- 
ties in A B, A D5 A c, will ( by i Prof. J 
be as the Spaces a b, a d, a c. "1 

Cor diaries^ 

'l. 'TTHE Forces m, n, and the com- 
•*- pound Force refulting tljencej 
alfo the Motions, and Velocities j\rifing 
from the(e three Forces refp^ively, 
by which the Sides ab, ac, and the 
Diagonal a d may be defcribed by the 
fame Body, in equal Times, are propoi- 
f ional to, and confequently may be ex- 
pounded by the faid Sides and Diago^ 
nal refpediively. 

Tor ( by I and 14 Prop.) the Lines 
a B, A c» AD are pr9portional to. the 
Velocities in abjAC, aij; and'tbefe 
Velocities are ( by 4 Prop. ) proportional 
to the Moments orMotions in a Bj a c, 
AD } ind thefe Motions are ( by. 2 Max. ) 
^oportionaltothe'Forces M, Kj and the 
i!ompound Force, ading in the Dire^i- 
<5ns abj' ACj AD. Hence, 

' '■■■ a. If 



9t If the Diagonal a t> and Side a b be 
(Sjtialj the Velocity in Ad refiiiting 
irom Hhe compound Force, will be, 
equal to the Velocity in A b refulting 

from the fim pie Force in A B. , 

g. Any Force or Mofiotta^ though iti 
itlell ever fo fimple, may be confidercd . 
as compounded of other Forces or Mo- 
tions. Thus the Motion as ad [,figi 
i^.y in the Diagonal a d of the Paralle-^ 
logtams csand i?e, may be refolvccl 
ifita (he Motions as ABandAC intl^e 
Sides AB and a c, and alfo into the Mo- 
tions as a £ and A Fin the Sides A^lnd^. 
A 1. And Ota the coiitrary, two Forces 
as A B and a c^ - urging in the Dirediions 
AB and At, are united e(}uivalent to 
cfne fingle Force as ad in the Diredic^g 

, Proposition XVj T^ 

Thor, Fig, J 7; ~ :.: 

IF a Bo(fy in A be urged by a Torn nf 
AB in the Vireihon a6, ^ which 
inacertm "Bmi itwouH umyarwly di-. 



fcrih the Line xifi^bm retfjlj in the jme 
(Tim defcribei the xjght him ad^ iU^ 
faid Body is alfo impelFdin a^ intheDi* 
re (f ion A c parallel to the right Lipe b d 
that joins the Points ja ana d, l^y fome 
ether Force, as a c, ^qual to b p. 

Ix>r "if A c he not the other Force in 
the Dire<aiQh ac, whereby the Body in 
Ja is inipeirdi it will, be fome other 
Pciceas A Xyin theDire^ion ac or a k, 
or as A r . in a difteieat DireQion a r 
^omplefe the Parallebgrams b a c i>j 
BAKL, B AF£) and dra^y the PiagOr 

hals A L^ A E. 

firfty let the other Force be a k in 

that Direftion j then a i> ( by Hyp. ) is real- 

l| (JekribMby the3odyJn.the*Tinie.tteit' 

AB would have been delcrib^d bytiM 

Force A B J and a l (by 14 Prop.} is 

.alio really defcrib'd in the Time that 

' A B would have been defcribM : There?. 

iore A D and a l areJboth really dcfaib'd 

by the fame -Bbdyj in one and the fame 

(Time. w. I. A.'. , - > ^ 

Secondly i if. a f be. the other Force id 

the Qii;e(£tion a f» by whkii tko Body 

m 



i. 



in A is urgedTi the Diagonal _a e will 
either be a ditfeMntLineTrbm the Dia- 
gonal AD, or that Line will fall upon 
this and be d ifitferent Length : Then 
juft is before ( by Hyp, and 14 Pirop.) a p 
«nd AE will bcfth realiy be defcrib'd fcy 
the Body, in one and the fame Time, W2 
in the Tinietfiat a B l^ouldbave beende* 
icrib^dbyihfeForte AB. W.I. A. : 

' • A Scb&Iy:. Fig.'rB, . 

T ET AB and as be two right LinS 
•*-* making any- Angle atA> a(id let a 
BtxJy in A be intpell'd or tji^ed, at the 
fame Inftant of Time, by two Forces in 
t'be DireOions X b- and a s j then it is 
plain, that one of thefaid Forces may b'e 
«> ad^ftcd and proportioned to the other, 
9s fo make the Body move in any 1>|- 
rieaion AC bttweeh AB aiid'As. 
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T*0 detimini the DifeSlwm andCeh 
titles yaftir the Stroke^ oi Bodies 
Jtrikif^ one another pbli^ely. 

Let two Bodies a, b^ move in the j 
fight Lines ac^ bc, that incline to one 
another; and let ac> jbc exprefs the 
Proportion of the Motions of thefe Bo« 
dies; Let the right Line 9 c ii repfefeot 
a plane whicjj the Bodies touch i<v *tfe 
Point of Concauffe cj to wjjicb Plane 
demit from a and b the ^ Per>pendiculars 
ae and ,bf3 and complete tlie Re- 
;^«jnglesBG3 fh. • 

The Motion as a c of the Body a in 
thp Oire^ion a Cy. may ( by j Cor. 14 
'Trof. ) be refolved into other two Moti- 
ons as a Hand AG in the Direiftiohs ae 
andAC; which three Motions are (by 
4 VfOp.) as the Velocities j and confe- 
quently the Velocities are as a c» a e> 
A^Q« Jhereforc the Velocity as ac in 

toe 
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tfce-Dircdion ac, niay be relfolved iiito 
;the Velocities as a e, a,G> in the Di- 
rcAions AE, AG. For the fame J?fli* 
'/ons, the Velocity of the Eody Basse 
in the Direction b c, may be refoived 
into the Velocitiesas bt, b h iii the Di- 
reiftions b f, b k. But a g and b h beiiig 
parallef, the Velocities a g, b h, in the 
Dire^ions AG, bh, do nothing to makfe 
the Bodies approach and flrike, and fo 
are not at all concerned with, nor altered 
by the Stroke. Therefore the Veloci- 
ties, whereby the Bodies meet andllrike 
one another, are only thofe that are as 
'a e or G c, and b f or h c in the DU 
regions go and h c. Therefore the Bo- 
d^ies A and B ftriking diredly againft 
oneanotbei" with the Velocities g c and . 
ji c , their Velocities, after the Stroke, i^ 
tbe Line kg, may be determined by it 
^r^pi if they be loft or perfefily hard 
iBbdieSjOr by i » Prop, if they be perf c£tly 
ttMick . ; ; ^ 

* Suppofe then cl was thus found t<> 
W as ' the Velocity, and confeqdetitly as 
the Force of the Body a^ -moving 

Es fronv 
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horn ^ towards g, after tbe Strc^e; I 
fince^ as belote, thie Force in the Body j 
A , of mwjing in the DireQiou a G or 
kc with the Velocity ag> is not alto- 
wd by ifae Stroke, produce ^ c till c m 
bea£c^ and complete the Re^angle 
iM} the Body a> after the Strokef, will 
i as is evident from i^j, Prop^ ) move io 
the Diagonal c% with a Velocity as €n. 
In like Manwr, if ( by 1 1 pr i z Prop J) 
yve find the Velocity of tlie Body ?, 
after the. Strofce^^ to be as ac in the 
Line ch-j its. true Velocity and Dire<9:ir 
en^ after the Stroke^ .may be determi; 
Bed> by making cs a FCva^d com- 
pleting tlie Redlangk as:! For then the 
B6dy B, after the Stroke, will luo in tfep 
■JDiagotjkl c R5. with a Velqcitv as c R*, 
' f^'Xa^lgs Let two perfcjaiy elaftick 
Jteherick Bodies a^b, as .2^3^ move io 
Ae. obli(jue Dircilions . a c, b Gj with 
Velocities as a<C5 RGs 017^^5,^ and let 
It be required to find the Velociti^ 
and Dii'edlions of the laid Bodies, alter 
they mef t and ftrike in c*, Bifed. the 
Ai^lefiCA by the, right Unc: eciaJ 
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and BGM will reprefent the Plane whicli 
the Bodies a and b touch in c- Then 
( the Triangles a g e, b g f being fimi- 
r^r) there will be as ac:bc (::7-5X 
t,: J^E : B F i: G G : HC : : A G : B H : i. 

eg: EC- (by making cm » EC^and 
c s :=: F G ) G M : c Si, Let x dieinote the 
Velocity (aftet the Stroke ) of the Body 
A referced to the Line hGj aad 2; the 
Velocity ( after the Stroke ) of the Body 
m referred to the fame Line : Then (ince 
she Bodies a and b are as 2 and 3 , and 
^e Velocities whereby th?y firike dr- 
TfiCilyy the one agaiiiQ the other, are a^ 
cc and mc, oir as 7 and 5,; we wiU 
find. r by 2 Part n Prop.)x.:=i ^ 74, 
and z s 4; 4% Therefore, after the 
Stroke^ the Bodies, a. and B.wilh mav^ 
towards contrary Parts, W2, A^from c 
|»wards g> with a Velocity a^ 7*4 re* 
f erc'd to t be Line h g j and ; b from c 
towards H, with a Velocity as 4^(5 re- 
ferr'd to the fame Line. Therefore,, fwce 
CH:^ndq.s areas 7 and 5*, if xyemake 
QL =5 7 4> ^pd c ct = '4%\ ahd^ com- 
Ptete the.RetogIesLM and os> there 

wm 
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y 1 11 be c N s V M N q + c M q e- 
y 5 4'7<?'V4 9 =? l o'iS, and cr g 

Wherefore the Bodies a and :b> aftet 
the Stroke, will really move, in the 
Diagonals cn and cRj with Velocities 
as ip*i8an4 6'7p. 

Proposition XVIL. 
: ' Theor,: Fig. 20.: 

A Stroke made ^j a Bodf a ^/^? ^ fi^^^^ 
and immoveable plane e f^ i» /x« ob- 
lique t>ire6fion a c^ . is to one made in a 
ferpendieu/ar Dire^ion ^jy^ the Body 
inoDwg fefaratelyin loth Vitiations vt)it% 
the fame Degree of Velocity^ as kd is to 
X c iP^ as the Sine, of the. An^le of Incidence 
AGO is to the Hadius^ 

The ReiiJaogle adcb being com-- 
jpl^tedj tbe Motion of the Body a, re- ' 
Suiting' from va Force as acj in the Di- 
reaioix a C^ is ( by 3 Qr, ^14 . Prop. ) 
equfvalent to two other "Motions in the 
Lioes AH and Ab, refultkig from two 

other 
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other Forces as ad and ab« But the 
Force or Motion vyboie Dtre^lon is a b^ 
is of no Significancy as to the Stroke upon 
the Plane bfj becaufe a b being paral- 
lel to EF) the. Body moving in the 
Dlre^ion a b, would nevermeet with e if." 
Therefore the Force by which the ttotfy 
moves in A c being as a c, that Fore? 
by wbifh it ftrjkes upon t^e Plane in thai: 
ohlique Direction a c, is as a d. Bujt 
if the Body movM in the perpendicular 
Dire^ion a d, with a Force as a Ct and 
(^onfequently \yith the farne Velocitjj. 
as it moves in a c, the Quantity of ntft^ 

Ejrpendicular Stroke woul4;bgA.'9qttiva- 
nt to the Force as a c, becaufe ti»>faid 
Forcewould be wholly deftroy'd by the 
perpendicular ^Stroke, Therefore . this 
Quantity of the oblique Stroke is. to 
the Quantify . of the perpendi(;ulat 
Stroke, as \n is to a c, that /Vj| AC 
being made Radius ) as the Sine of the 
Angle oilacidence ACO. i»to theRa- 
j4|us.. w. vr. j^ 
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Pli^PO'siTlOK XVIII. 

IF « perfe&iyelajifck Body a^ tt»*if«^ /« 
the right Lin}^ ABy ftf ike obliquely 
^ugainfl a nrm and amno'veable-Ptane ho: 
'-After the Stroke a will be replied by that 
Plane with ihe faine Force that it came 
Withi and Mill • mon)e in jUch a right 
Line b c, thiit the Angle vf Refleffion 
^H ]? will be equal to t^e Angle cflnci^ 

>;a€<>A^reiirefeht theForce^ or MotU 
^jr^ofc^fc^Body A, to the Direaion ab; 
then, Art being jdrawti perpendicular 
totbe Plane HGi and the Ke^ai^glc de 
<completed, the Motion in A b ii ( by 3 
Cor. t/^Prop.) equivalent to two Mo- 
tions, in the Dire£)ions ad, and A£> 
proportional to the Lines ad and a je« 
•But fince a e is parallel to h G, add a t> 
perpendicular thereto ; the Force • by 
which the Body ftrikesagainfl the Plane, 
u only^that which is as ad» Make be s 



D B, or AE, and complete the Re^angle 
E F, whicb will be 9vcry Way equal 
and fimilar . to the Redtahgle d e, and 
confequently bc. a ab, and > cbf 
;s > ABD. Since the Force as ^ae,' 
aftiog iti the Diredion AE parallel to 
the Plane h g^ i&nlot diminiioed by tbe- 
Stroke, the Force ae remains in the^ 
Body A after the Stroke, to move it in 
the Diredlon b f or a e* But from the 
Natwe ofa pertedly elaftick Body it is^ 
evident, . th?^ the Body A, ilriking the 
immoveable Plane hg^ in the perpendi- : 
cular Dkciaion AD or e b, wiU refleift 
with the fame- Force ii^the fame Line of 
Direftioii.: Therefore tlie Motion of the 
Body A5 at the Pokit of Incidebce b. Is 
compounded of: the Motions as bf and 
BE in the Direflions a F and b e* There- » 
iwe ( ^y 14 Prop. ) the Body a^ after . 
the Stroke, will move in the Diagonal 
Bc of the Re£langlc e f, with a.f orce 
as B c equal Io^ab j and tbe' Angle of 
Refieaion cbf is( as before )equat to 

tbe At^le of Incictence a b d. w. w. d. 
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P R V O S IT I O M-XIX; 

« 

hL Bodies near the ^Surface of the 
Earthy gravitate ( in a free Space ) 
in Proportion to their Quantity of Matter ; 
that 45, their Weights are proportional to 
tbf Bodies tl^emfelves^ \ 

For it is known by many Experi- 
ments, that all Bodies near the Earth^s 
Surface, fallittg perpendicularly by tbe 
Force of. Gravity, in a free Space, dc- 
fcend equal Spaces in equal Times: 
And iherefore^attheEnd of any Time gi- 
yen,tbey 4cquire equal Velocities. There- 
fore the Motions or Moments acquired 
at the End of thefaid Times, being { by 
4 Or. 5 ^Prop. ) as the Bodies multi- 
plied into their equal Velocities, are is 
the Bodies tbemfelves. But the Forces 
that generate thefe Moments,. thiH is^ 
the Qrairitatipns or Weights of the Bo- 
dicsi are ( by a Mcnc. ) proportionai 
to the (aid Moments^ Therefore the 
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WeighU are proportional t<^ {he Bodie$J 

Cot oh Hence, a Body may be confi- 

dered as its Weight., 

< ■ " ( , 
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P R O P O S I T I O N XXJ 
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rH E Motion of a defcending Body near 
the Surface of the Earthi falling from 
H^ft^ p ^ f^^^ Spade ^ by the Force of Us 
Gravityy is an equably accelerated Mp- 
tion. ' 

For the Gravity or Weight of a Body 
n^ar the Earth, is not fenfibly altered 
by a fmall Alteration of that Body^ Di- 
ftance from the Earthi or the Force o£ 
Gravity, at all fmall Diftaoces from the 
Earth, z&i equally on _the fame Body; 
Suppofe then, the Time in which a hea- 
vy Body falls, to be divided into equal, 
but infinitely fmall Particles, and Qravi-i 
tation afling in the firft Particle of Time; 
to give the Bodfy aft ImpuKetowlirdstbtf 
^Center lof the E^tl^, and giake it ao* ' 

% " guirc 
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quire a certain Degree of Velocity, Now, 

if, after that fifft Impulfe, the AQion of 

Gravity ^ould cea^le^ yet the Motion 

arifing trom the faid Impulfe wOuId be 

continued, and the Eody would ( by i 

IMax.) move uniformly, or with the 

fame Velocity, towards the Centre of 

the Earth* But (ince Gravity ai^s in the 

fccpnd Particle of Time, with the fame 

Force that it did in the firfl:, the fame 

Gravitation will give the Body another 

Impulfe equal to the former j andfothe 

whole Velocity, after thele two ImpuK 

{es, will be. double of the^ firf>. If again 

the Aiftion . of Gravitation fliould ceafe, 

after the fecond Impulfe, yet the Body 

would dill move with two Degrees of 

Velocity. But fince,. in the third P^r- 

tide of Time, the Body is yet urged by 

the faiiie Force pf Gravity as before, k 

Will thereby^ acquire a third Degree of 

Velocity, equal to "either Of the other. 

two. And in like Manner, in theioijrth 

Particle, of Tifne^ it willacqpirea fourth ! 

Pegreej ar^d fp.forth^./TJierefor?, the 

heavy? Body Witt (l)yi Z^^^ defcend 



C ^3 ) 
with an^^mfoftnly accel^ated Motionr* 

w.wr.D. 

CoroL U&Ke, the Velli^jty acquired 
by the Fall of a Body from Reft, i$al<^ 
ways a* tlie Time ot the FalL 

Schbliei: 

, » .»^ ^ . » — > 

\ • . . - 

t • T T i^ay> in lik^ Manner, from thf 
^ fame Principles be d^monftrated^ 
that, if a Body be forced directly, up-- 
w^rds, it will move with aii equably re«^ 
tarded Motion : - Becauie the force of 
.€ira|urify ^iH^asfUng e9Ually , , contrary to 
4iQ ^pdy/s Motion upwards, will in ^qu^l 
Times equally diminiih tbat Motion^ 
/till it be totall]^. deftroyU ^ 

j8* Though inibe preceeding Vtopo^ 
{iu<m w^'^ave, to render the Demon- 
stration the clearer, fuppas'd the Body's 
Fall to begin froin Ileft 5 yet.th§ Motion 
downwards will be an uniformly acce- 
lerated Morion, though we fuppofe its 
' Fall to begin from any Degree of Velo- 
Tclfyl by reafon^ of X the continual equal 
knpulfes of Gravity;. 

\ "Fa- Pnojf 
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Proposition XXI. 

s 



* 

IF one fide a b of a Triangle a;b c f^' 
prefent the Time, in which a Body 
falls from Reft in a free Space, and another 
Side B c the Velocity acquired at the end 
bfthatTtmei and through aw) Point Vi 
of k-R there be drawn a right Une d e 
parallel to bc : 1/&// de will reprefent 
the Velocity acquired at the end. of tbe 
"Jime repYefented-hy ad* ' :, 

'. ' For ( by reafoft of the finiilar Trfahg- 
ies ABC, ade) as isABr'AD :' 5 *C« 
DB. Bat BC reprefents the Velocity at 
the end of the Time a b: Therefore, 
•fince ( by Cor^ a 6. Prc^. ) the Velodtics 
-at* as the Times, ps" will tepreferit the 
Velocity at the eqd of the Time a i. 
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J^ R O P O S I T I O K XXIIS. 

^y^E S^ace. run through in a- eeriam 

-* Time^ by a heavy Body, falling frtnp 

JReJty in a free Space j near the Surface of 

the Earth J // the half of that Space i^t 

ivould run through in the fame Time^ 

ivith the Velocity acquired in the loft h^ 

fiant of that lime i '" 

Let A.,B; be as tbe Trme in 'which a 

iieavy^ Body falls from Reft, aqd ^d ^s 

the Velocity acquired at the end of it\i 

complete the fight-angled Triangle a scJ 

Suppofe^the Time as divided into ad 

infinite Number of equal Parts ^''^ Tei 

ei^Am^ mpy&cc. and draw rd, ef^ i^i. 

Pi n^ &c. parallel to the £!are BXit Thea 

(by 21* Frop.) ro^ efy iky mn^^c^m^- 

reprefent the Velocities in the Particles . 

^of Time re^y ei^ i/n^yn^^Sicc. And[byf 

^i.Trop.) the Spaces mn.thrg^, in thele; 

Particles of Tinie, are as the* laid Vt\<^- 

.fities m efy i k, dec. cm: {by 1 9^ 4*EmQ 
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is the Parallelograms eo^ if^ nsk^ Sec. 
rTbere^re the whole $paae run lbrd\ by 
the Fall of the heavy Body, in the Tiine 
A B) is a^ the Triangle a B c. con^pos^d 
of all the infinitely little Parallelograms 
(0^ if^ mky pfty 8cc. But if the Body 
was carried with the Celerity b^c during 
the whole- Time A Bj the Space run 
thro* in that Time,, would ( by 3. Cor. 
■6. Prop. ) be as the Rediangle a B K b c, 
which tis double of the. Triangle a b o 
♦Therefore the Space run thro*, by the 
Fall of a heavy Body from Reft, in the 
jTime a b, is half the Space that it would 
.tiave run thro* in that Time, with the 
Celerity acquired at th? cpd of that 
3rfme,cWiW.i>, 

&f;.Tj[EKCE, as the Space defcendeiT 
^^ from the Beginning 6t the Fall, 
id the Time a b, is reprefented by the 
Triangle a^ q ;; fd th e Spaces defcended> 
in the Times A £l' A w, may bfe repre- 
sented by the Triangles a./) 5, . a wjb.' 
Hence;^ 

5 a> The. 
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2. The Spaces defcendcd from tfie B*»- 
jginning of the Fall^are in a duplicate Pro- 
portion of th^Times of Defcent. For the 
Spaces defcendcd in the Times ab, a/), 
arc as the . Triangles aec, A^f, which 
being (imilai'are in a duplicate Proportion 
of the Sides or Times a b, Ap. Hence, 

3. H the Times of a heavy Bodv*s 
Faltfrom Rtft be as lyi, 3, 4, 5, o*^; 
the Spaces defcended in thofe Times wiH 
be as I5 4, 9, 16, 25, 6t:, the Squares 

' of thofe Numbers. Hence, 

4J If the Times of Dekent a r, a By a/, 
a w, C^c.be as 1, 2, 3, 4, C^r. the Spaces 
defcended in the Times ky^ redely i m^ 
f^c. will be as the odd Numbers i, 3^ 

y. Since the Velocities accjuired by 
the Falls from Reft, are (by Cor, 29 
Prop»)^is the Times; the Spaces de- 
fcended from Reft wfili (by 2 Cof', 2-2 Prop.} 
be in a duplicate Proportion of the Ve- 
sac( 
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A Schblj,. 

E may, juft as in 20. Prj^^ P^ovtl 
that if a Body be confiandy urged 
in any DireAion, by a Force ading e^ 
gualjy ; its Motion will be an e^ably ac- 
(relerated oiie: And confequcptly. , as ffl 
22 Prop* fhat tbe Space it runs throiigb 
from tbe Beginning of tbe Motion, is 
haU tbe Space it would run tbfo!, in 
the fame Time, witfi'the Velocity ac» 
quired in tbe la(i Infiantw From whence 
we may infer ( after the fame Manner 
as we inferred z Cor. from 2 2 Prep. ) tbat 
the. Spaces run thro', from the Begin* 
fling of tb^ Motion^ are, in a duplicate 
jProportioa of tbe Times^ . 
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IT aBoipkbe held immovable by three. 
Powers y, or Fortes urging it attordinz 
"to the Direilms ab^-ac^ AEi theje 

.' Power/ 
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^owm will be to one another as three 
^^igbt Lines ad, ac, cd^ making aTri-^ 
.^^ngle^ whofe firji Side a d is a^Part of 
^ the firfi Direct im ab produc'dythe fe- 
cond Side a cthe fame mth the fecond 
Dire 61 ion A Cy and the third Side cd 
'parallel to the third Direilton a i. 

•For it^be Body A be held immove- 
able by two Powersy or Forces, iurging 
it m contrary Direaiqns a b, and^ a d, 
thefe two Forces will be equal; and fo 
each (rf tbemniay be reprefented by one 
and the fame determinate Line a d- But 
"( by H//>* ) the Body A is kept Jm- 
tnoveable by three Forces 'ufgihgf it la 
the' Direiaions a b, a Ci a e : Therefore 
the joint. Force of the fatter twp^ muft 
be equivalent to the firft alone which is 
as Ap, and muft united urge the Body 
in the Direftion A d with a Force as ad • 
But.[ by 3 Cor. 14 ?>op,\ two Forces 
which are as Acafid ap> ^^® unit^ 
equivalent to the Force as ad forging 
jathe DireQion ad> and confequently 
to the Force as a t) urging in the Di- 

jc^ion AB* Therefore the t|)ree Fof- 

ces 
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Sine of the /tigle of ImUnatian of that 
Plane to the Horizm is to the Raiiiuf. 

Let c D reprelent the HorK6n, and 
the Angle acd will be the Inclination 
of the Plane ; from a and b to c d dc- 
mt th€ Perpendiculars a © and b e ; 
through B draw a right Line h b f per- 
pfendicular to the Plane a c, and itom F( 
raife FG perpendicular to cd. The 
Body B is Urged by three Powers, and 
kept immoveable by them: The Firft 
is the Body's abfolutc Force of Gravity, 
zSting according to the Direction b e per- 
pendicular to the Horizon cdj the 
Second is the Powcr^ or Force r, ur- 
^giog the Body in the Dire£iion b it paral 
lei to, the Planej ^nd the Refiftence of 
the Plane, Urging the Body according 
to the DireClion b h, (uppli€s the Place 
ot the third Power.' Therefore r g, 
ac, aF b^iiivg refpe£iively parallel to 
^'the Diredions of thefe three Powers j 
there ir( by 23 Prop, and its Cor.) 
^ (bf Po\yer ^ to the Body's ablblute 
1 <|ri^\Jiiy^ io a G to F G ;V( ^y 2 Cot^ 8. d. 
Euct) fc: G c : : ( by 4. ^t EucL ) aI) : 

A C • • 
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AC:: Sine of Inclination to the Kadiu& 

W.W.D, 

A Corollary. 

SINCE the Power r binders the De- 
fcent of tlie Body b on thcPJane Ac, 
and is equivalent to the Body's Mo- 
ment wherety it endeavours to de- I 
fcend J it is manifeft, that a Body's Force ^ 
to defcend on an inclining Plane is to its \ 
abfolute Force of Gravity, whereby it 
endeavours to defcend in the Perpendi- 
cular to the Horizon, as the Sine of the 
Plane's Inclination is to the Radius. 

Pbl POSIT ION XXVi 

I 

Tkor. Ftg. 26. . . 

THE Defcent of aheatjy Body upofidn 
. mclimng Plane, is ; an equably acce^,, 
lerpied Moiipn* . ' ■ ■ 

Let fe be a Body defcending on the 
inclining Plane a d. Then ( by €or, 14 
Frc^.) the Force.- whereby ». endea- 

vo^urs i 
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vours to defcend on the Plafle a t), is 
to Its abfolute Force of Gravity, as the 
Sine of the Plane's Inclination a dc is to 
the Radius; which is a conftant and 
irtvatiable Proportion : And confequent* 
ly, the ablolute Force of Gravity being 
ft/11 the fame in the Body b, its Force, 
whereby it <ndelivours to defcend upon 
the inclining Plane, remains alio ftill the 
fame. Therefore this laft Force wiH 
always a^ equally on the Body b; and 
confequently its Defcenton the inclining 
Plane ad, willeafily be proved to bean 
uniformly accelerated Motion,- by the 
fame way of Reafoning that was ufed 
in 20 Prop. ' 

Corollaries. 

!iilJENCE, the Velocity acquired 
•^ by the De/cent of a heavy Body 
from Reft on an inclinfng Plane, is ai^, 
way^as the Time of Defcent. 

a. From 2 J Prop, md iCor. it is evi- 
dent, that whatever has been demotr- 
ftratedin a 2 Prop, and iU Corollaries ^ of 



bftvy Bodies falling perpendicularly, i5 
after the iame , Manner demonftrable o^ 
their Defcent upon inclining Plane$. 
Namely^ that the Space run thro' in a 
given Time by a heavy £ody on an in- 
cliping Plane, computed from the 6e« 
ginning of the Motion^ is half the Space 
that it would /uniformly run thro' in the 
faid Time with the Velocity laft acqui- 
red. Alfo that the Spaces run thro' from 
the Beginning of the Motion, arc in a 
duplicate Proportion of the Times, and 
jllfo of the laft acquired Celerities. 
3.- The Afcent of a heavy Body upon 
- aa inclining Plane, is an uniformly retar^ 
ded Motion.. 

Proposition XXVI. 

flbeor^ Fign 26^ 



O^H E Velocity that a heavf Body 
^ acquires dejcending from Heft on 



B 

an 
incUning Phne ji d, in any ghen Time^ 
is to the Velocity that it would acquire in 
the jameTim^ falling fr^m Reftperpendi- 

^ cularJy 
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cularly in ac, as the Phne'l Height ac 
is to its. Length ad. > 

For the Increments of Velocity of tb^ 
Body H^ defcending from a, in the Peiiv 
pendicuJar a c, and on the inclining 
Plane ad,- produced in an infinitely fmalt 
Particle of Time, are to one another as 
the Forces whereby they are produced? 
Butthefe Forces are (byGr. .24 Prop.) 
in the conftanf Proportion of the Radiiii" 
to tht Sine of the Plane's Inclination a d cj 
or as the Plane's Length a d to its 
Htefght AC: . Therefore the increments 
of the Velocities are in the Proportion 
of A D to AC. Therefore \ by i t. 5;; 
Eml.) the Sum of the Increments in the 
Perpendicular ac is to- the Sum of the 
Incitements in the Plane, as ad- is to a Cf 
tbar is, the Velocity of the 'heavy Bodyj 
falling in the Perpendicular, is to the 
Vel&city it would acquire^ defcending in 
the fame Time bn the inclining Plane, 
as^ the Length of the Plane is to its 
Height, W..W.D, - ' ~ 
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Peoposition XXVli; 

!Thear. Fig. 2j. 

tF A B reprefent an inclining Plane^ b c 
-*• an horizontal Line^ and jlc a Perpen^ 
(dicu/ar hereto j then c d being drawn per-- 
pendicular toxB^ I fay^ infihe Tme that ] 
a bean)y Body defcends^ on the inclining | 
Flan f from a to d, that in the fame Ti^e 
the fame or any other heavy Body would 
dejcend in the Perpendicular from a to e. 

' If this be denied : Let a* £ be the Space 
run through oh the inclining PiMe, 
while A c is run through in the Perjpen- 
dicular ac. Then becaufe (by sa 
Prop, ) in the Time that the heavy Body 
defcends from a to c, or from a to i, 
twice the- Length of a c would be run 
through with an uniform Velocity, equal 
to that which is acquired in c by the 
perpendicular Defcent, and fo ( by a 
Cor. 25 Prop. ) would twice the Lei^th 
of A E be run through with the Velocity 
acquired in e : The Velocity acquired in c 
will ( by I Prop. ) be to the Velocity ac- 
quired in £^ as twice a c to twice a e, 

or 
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or ajs Arc to a e. But fince a o and a e 
are Spaces defcendedinthe fame Time; 
therefore (by 26 Prop.) the Velocity 
in c is to the Velocity in li, as a b is to 
A q. Wherefore (by n. 5. Eucl. ) as 
is A B t-A c : : A e : A E. Birt { by 2 CoK 
8. 6. EucL J as is A B : A c : : A c : ad- 
Therefore as A c : ae : : a g : A Dj and 
confequently a e is sad. w. i. Aj.- 

Corollaries* 

i# T^ROM this Demonftratlon it is evi* 
^ -^, dent, that the Velocity acquired^' 
in the fame Time, by heavy Bodies de- 
fcending froiii ReA in the Perpendicular 
afid on the jnl:lining. Plane,. are as the 
Spaces run through by them# 

2. Hence is found the Space tbrougU 
v^hich a heavy Body falls in tht Perpen- 
dicular, in the fame Time that another 
Body defcends a given Length ad oti 
the«inclined Plane ab> mwely^ . iffron^ 
the Point p there be raifed to A b a Pet^ 
pendicular dc^ meeting, the Perpendi^ 
dicular a c to the Horizon in c> a c will ^ 
be thet Space fought. 
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PART II. 

, ■ ^^ . . . . - • 

Of Centripetal Rrces* 

Ps-otosiTid* XXVIII. 

■■ /■ • 

Lim. Fig. iZ. 

JF two right Lines a b and d b tneet 
in B) and touch a Circle in a and d; i 
then SB beir^ drawn from the Center s, aU j 
fi DC 11 SB) and AB bt pfodue'd till it 
meet with d c in c : Ifdy^ that b i> iV a 

BC 

For s A and s D being drawn, s a is a 
SD ; and ( by 2 Cor. ^6. 3* Ew/. ) b A is 
s B D> alfo SB is a common Side of the 
iTrianglcs a s b and b s d : Therefore (by 
% uEucL) is> ABs;:;; >sbd: But (by 

^9. J. EucL) > SB Diss > Bi)C5 

lind > ABS isa > c: Therefore is> 
B X) c :=: > c j and confequently ( by & ji 

£»c/#) BSSBC*^W.W«2>* 
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Gro/. Hen^e > ab s s sbb is ;=: ^ 

X.. 

"abd* 

Proposition XXIJL 

TETbehik^/^ r^^«/dr Poly gen- di^ 
•^ fir ibid about a Grcle^ that is, a Pa- 
(jg^« af ^^«^/ Angles^ and equal Sides 
whereof ewry one touches the Circle : And; 
let a Body in a be Impelled in the tangen* 
tial Direction ac byonefinglelmpulfey 
and moDe on uniformly till it cotne to b> 
where y let it recei've another fingle Im-- 
pulfe in the Dire St ion Bsfmn a centripe^ 
tal Force tending to the QrcWs Center s, 
fmh as being conjoined with the forefaid 
tangential or projeilile Force in b, way turn 
the Body from the Tangent a c and wake 
it move aht^ the Tangent be. When the 
Body is come to i, let it there receive a 
fecond hnpulfe from the cemriPetal Force 
dire Sled to $: I fay^ it mil then move a^ 
kngtht third Tangent ek* Jf^ben it comes 

to 
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to It, let it receive a third Intputfe fmn 
• the centripetal Force : T^hen will it move 
along the fourth Tangent HI : AndfofortUl 
And thef Body^s Velocity^ through every 
Tangent will flill be the fame. > 

For D c being drawn parallel to s b, b v^> 
is {by 28 Pr^/>.)SBC5 and (by 2 Cor. 
14 Frop.) the Body's Velocity in b 0-( or 
IE) is equal to- the Velocity it would 
have had in b c before the firft centripe 
tal Impulfe in b, or the Vebcity it had 
in AB. When the Body comes ta e, it 
receives the lecond centripetal Impulfe,; 
vv^ich is equal to the formpr, becaufe 
SEisssB:: For {\>YCot.2%Prop.) > 

5-B D is s^ A B i> « ( by HypO'l i>« <^^ 
(by Cor. iZFr^p.) se d; and ( by 18; 3; 
'Bud. ) >Biisissa Right :±i s d £» a:nd 
s.D^ common : therefore (by 16.1. EucL) 
is SB :=s s £ J in like 'Manner is s e s s ha 
Therefore, fince the Body's VelocEi 
ty along the Tangent* be, is the 
fahie with its Velocity along the 
Tangent A.ii/ an'd the'fec9|id ^entripe^ 

\ ^ — ^ 
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tal IiDpulfe at £ is equatto the firft cen- 
tripetal Impulie at 9 ; the fecond centri- 
petal Impulfe muft draw it juft as mgch 
a/ide from the Tangent b e or oe, asthe 
firfi did from the Tangent a b ; thai it^ 
the Line of Diredion, after the fecond 
Impulfe, mufi make an Angle with bb 
equal to the Angle a b s ; bat (by fiyp^ 
->■ BEH is =3 > ABE : Therefore the 
Tangent e h muft be the Body*s Direct- 
on after the fecond centripetal ImpuUe i 
for this PireCion muft be between es 
and £ T: And gf being drawh parallel to 
E s, E G will ( by 28 Prop.) be^qual to 
E f i and ( by J Cor. 14 Prok) the Velo- 
city in Eti or E H will be the fame withi 
what it was in p e or b e and a b. In 
like Manner, aftef the third IndpuUe (^ 
the centripetal Force in h ( which is e- 
quai tjQ either of the former in BorE,l^ 
realon that s h' is s s e =: s b ) the next 
DireCion will be in the Tangent hi 
with the fame Velociry as before. And 
fo oh ia the reft of the Tangents., w^ 

W.D. * 
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A Scholy. 

It N the preceeding Demonftratioii we 
-*- onlyfuppofe, that the Center of the 
centripetal Force is the Center of a 
Circle, and that the Impulfes of the faid 
Force at equal Diftances from the faid 
<3enter are equstlj which is a very polfi? 

We and fimple Hypotbefis. 

• « 

P R O P S I T 1 OK XXX. 

A Body maf m(n)e in the Teriphery of a 
■^^ Circle by a projectile Farce once im-- 
pejiy and an uniform ciHtripetal Force 
tonjiantly imprefi. ' • 

For a Body moved by a projeAile Force 
once impreft, and a centripetal Force 
ading equally by an infinite Number of 
Impulfes one after another, may ( as is 
evident from ^9 Prop. ) run in the Pen- 
meter 'of a regular Polygon defcribed 
about a Circle. But the laid Polygon's 

Peri^ 
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Perimeter, when its Sides are infinite in 
Number, coincides with, ajid is notiiing 
dift^reht from the Periphery of the Circle; 
and the (aid centripetal Impulfes, when 
infinite inNumb^jare the fame with an . 
uniform centripetal Force afting con- 
flantly without IntermiflGon. Wherefore 
it is evident, that a Body once impeird 
by a projeaile Force, and a centripetal 
Force ading conftantly^ may move in 
l;he Periphery of a Circle, w. w.d. 

Proposition XXXL 

Iheou 

A Body ino^ed in the Periphery * of a 
■-^ Circle by a projeSiile Force once iin^ 
prejiy and an uniform centripetal Force 
conjiantlj impreji^ is conjlantly carried With 
an equable Motion i or its Velocity is jiill 

the fame.: ' - " ' ^ ■ 

This is evident from 19 Prop^ fince 

the (aid centripetal Force is ail ene with 

a centripetar Force adling by an infinite 

<Numbei of equal -Impulfes, and the Ye- 

~ J •' " locity 
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locity in the Perimeter of the circumfcri- 
bed regular Polygon of an infinite Num- 
ber of Sides ( which is the fam^ with 
the Circle it felf ) is by that Prop, ftfll 
thefam?t 

A Corollary* 

From 30 Pro^. it is evident^ that Mr. 
Gordon's firft Theorem (in his Remarks 
upon the Newtonian Philofophy Pag. 2 7.) 
whereby he pretends to prove, that a Bo- 
dy impeird by a projectile and a centri- 
petal Force, conftantly approaches to, or 
conftantly recedes from the Center of the 
centripetal Force, is falfeand groundless : 
But this fhall be farther proved below. 
It is alfo evident from 31 Prop, that all 
he fays in Pag. 85 ahd 870! his Remarh^ 
about the conftaht Increafe of Velocity 
of a Body moving in a Cii*cle, is. perfect- 
ly preqarious and aWurd, 



Schbly ' 
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Schofyi I. 

. * 

F 6or Refnarker^siottkidBtR IheoHm 

was true^ it would indeed overturn 
the main Foundation of a great part of 
the Newtonian PhUofophy: Therefore, 
that the R^fnarker's Mi^ake orSaphiftry^ 
and the Falihood of his Theorem may 
the better appear, we fhajl here fet it 
4own withJiisDemonftration j and plain- 
ly ihew the Demonflration to be lo faul« 
ty and inconfifient, that inftead of pro- 
ving the pretended Theorem, it proyes 
nothingxat alL His Theorem then is as 
follows in his own Words* See Fig. 30, 

A Body turned from a ftrei^t lined 
Motion into 4 Curve that lies in 4 Plan^ 
and defer ibes^ round any Point s, Areat 
prapoftiomble to the Ttmer^ by a conti^ 
nuiftg centripetal Force dire Sled to Si mufk 
eithir m&ve confiantlyawayjram Sy or cmt 
ionjidntiy nearer 4o it^ in a fpiral Line^ 

Let it here be obferved, -before «rc 
{)roceed further, that that Claufe of this 
TheQreiii> which mentions the propor- 
^ - H ' ^'^^ /tio* 



I 
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tiomlity of Che Areas Co Che Times, is 
fuperfiuous, fince he makes noC Cbe lead 
vie of ic in his Demonfiracion. So Chat 
the laid Tbeoiem ihould be exprefled 
thus : A Body turned^ by a cmtinuing 
centrhetal Force direifed to% from a 
ftreigm lined Motion into a Curve that 
iies in a Plan ,• mujl either move conftaht- 
/jf away from s, or come conftantly neurer 
to it^ in' a fpiral Line. 

His Demonfiration, in bis own Wor& 
alfo, is ctiis. 

LeC rhe 6ody*s ftrdghc- lined Motion 
/be the Line abf, let the centripetal 
{^Fce dire£)ed to s, be fuppofed to ad 
,upoh the Body at the Point b i the Line 
« Fin which the Body at !b would run 
cut, muft make with B s, the Line of i 
the Diredion of the centripetal Force 
:zhiitg in B, either a Right, an Acute, 
or an^6btufe Angle. If the Angle sbf 
he a right or an acute Angle, then is the J 
Arigle s« c ( a Part bt that Angle ) lek 
'than a right Angle. Draw oute c in infini- 
tum towards a and p, let us wkh our 
V^uchors/«onc«iy^ the' Poilit <: to ^ th^ 
^ • /" ' ' . ^ next 



( 87 ) 

next Point in which the centripetal Foi^e 
^6ts } which being fuppofed to zSt con** 
tinuaJIy, or in every Point, the Point Ci 
mufl be the next Point to b in the Line 
B <x. .Drop a Perpendicular from s, upon 
the Line pa, it will fall fomewhere be- 
twixt B and Q. ; either upon c the next 
Point to B in that Line, or upoir fonw 
other Point betwixt c ai^ a ; fuppoitf 
upon the Point w. If the Perpendicular 
fall upon c, then is c the neareft Point 
in the Line p a to the Points, nearer, to 
i^it^ than the Point b; if the Perpendi-*- 
cular fall upon, n, then is c nearer to s 
than B J becaufe jiearer to N : So that 
the centrfpetal Force meeting with the 
Line in which the Body would run out 
at right Angles, or lefs than right Angles^ 
muft neceflarily force the Body to move 
from a Point more difiant to a Point lefs 
diftant from the Center s. The Line 
c Q. is that Line in which the Body at c 
would run out next, and the Point c is 
the next Point in^which- the-cenfrfpetal 
Force is fuppofed to a£i ; but a »Bcrpe»- 
dlcujar from s upon p a fell, asiibov^^ 
^ H 2 r either 
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eithet upon c, and then the Force dire-^ 
Aed Co s^.af^ing in the Point c, is at right 
Angles with c a> or upon k» and then 
is this Force at leis than right Angles 
with c a* >And (o by the fame reafo- 
oing, if the Force dire^ed totb^ Center 
be at any Time at right, or lefs than 
V light Angles with the Line in which the 
Body would run out, it muft fiill conti- 
nue to be fo i and while it is io, the 
Body muft move every Time the Force 
a£ts, or continually, from a Point more 
diftant from s, to a Point lefs diftant from 
ff« But if a Curve be fuch, that the Lines 
in which the Body would run out, vi2i^ 
the Tangents of the Curve, make with 
the Radius conftantly more than right 
Angles ; then is^ thi& Body that moves 
in that Curve, moving conftanlly away 
from s: Or if the Tangent and Radius of 
this CurVe ^t apy Time be at J^ight An- 
gles, or lefs than right Angles, then muft 
the moving Body come conftantly nea- 
rer to the C^nle^ s in a fpiral Line* 

' . ' .This 



This Demonftration is pretty cphnrag? 
ly contrived, but Fallicy all over : Ifhall 
difcufs the firft Part, wherein . its rnain 
Strength lies^ anclthefecond,whichison^ 
ly hinted, will fall of Courfe. The faia 
Demonftration then, f^ppofes the centric 
petal Force to ^Gt upon the Body at the 
Point B, and then at the Point c next to 
B ; now if the Points b and c be next to 
one another, either there is no Diftance 
between them, or there is fdme Diftance* 
If there be no Diftance between B and c^ 
Chen B and c coincide^nd really makebu^ 
one Point, and fo are equally diftant from' 
s, and confequently s c is s -s b. But 
it there be (pme Diftance ( though ever^ 
fo fmall ] between -the Points b and c^ 
as the Demonftration plainly implies; for 
it fuppofes BC to be a right Line, s B c ait, 
icute Angle, aad scb a right one, from; 

whence it infers the Point c to be nearer « 

• _ >. « ■ 

the Point s than the Point ,b is, which [. 
is indeed a very juft Inference from the ' 
faid Suppofition, as is evident, from 19; \ 
I. EiicL 1 fay, if there be fx>me Diftance ' 
ween l& Foints b «nd c^ then c is - 
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hot tbe next Point to b in which the 
centripetal Force zQsy (ince it a As con-- 
Cinualiy, and confequently has a^ed ia 
an Infinity of Points in the Time that 
the Body has moved from b to c» and 
the Body's Path has not been a right 
Line, as the faid pretended Demohftra- 
lion fuppofesj but a Portion of a Curve 
( as being produced by a proj[e£lile and 
conftant centripetal Force) which we 
may reprefent by the Line b g, and al- 
low it, being extremely finally to be very 
tittle different indeed from a right Line^ 
vet ftill a Curve. , Now fince b c is re- 
suly a Cqrve, though we fuppofe s c to 
\ft perpendicular thereto,, we cannot 
therefore certainly infer that s c iis Ihor- 
t^X than s b, and confequently thatc is 
nearer s than b is : For though s c be 
perpendicular to the Curve b c, th(A ir^ 
to the Tiangent at the Point c^ it may 
for all that be fhorter or longer thao^ or 
.equal ta s b, according to the Nature 
of the Curve b a For, for Inftance, if b c 
be .a Px)rtibn of a Circle whofe Center 
IS Sp, theji s c perpendicular to fic is e 
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qual to s B ; if B c be a Portion of aa EL 
lipfe wbpfe Center is s, and s c half (he y 
morter a x, which certainly is perpen- 
dicular to the Curve, then s c is ikor- 
ter than SB; and if sc be half the lon-^ 
ger A xy which alfo is Perpendicular to 
the elliptick Curve, then s c is longer 
than SB. 

It is ealy aUp to i^iew, that though s q 
be not perpendicular to the Curve pc>, 
yet for all that^ s c may be ihorter or 
longer than s & For if we (uppofe bc 
to.be a very (mall Portion pi anEllipfe^ 
whofe Center is s, and is b to Be half the 
longer a r which therefore is perpendi- 
cular to B c, but s c is not perpenoicular 
thereto, but oblique, becaufe oblique 
to the Tangent in c j in this Cafe, sc 
isihorter than sb : Neither is it material 
b6re> whether we call the Angle sb c a 
right Angle or an acute one,it being a mix- 
tilinear and not a re&iUnear Angle. Again, 
if SB bei)alf the ihorter a x^^ andb alio 
perpendicular to bc, sc is oblique to. 
BC> and.yet s c is longer than- s B. There-i^ 
iare that part of the preceeding Demons 



^ I 
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toation; where the Perpen4icQlar is fup-^ 
poied icy fall upon n, on purpofe that- 
SX2 may be oblique to b c, . 15 of no Force 
or Mionient imaginable; , From all which 
(thotigh we &oiild add no more ) it is 
abundantly evident, that the faid Be- 
riionftration^ is lo far from proving Mr. 
GW^^^i^^sTbeoremjthat it really proves no-^ 
thing at aJh Befides, it is inconliftent witli 
it felf, one Suppofition deftroying another, 
. But /^y?^, perhaps it will be /aid^^ 
that, (ince a Curve may be confidered 
» compos'd of an infinite Number of 
right Lines,, the Line bc, the BodyV 
-Path from b to c, is an infinitely littJe* 
right Line : This indeed We can eafily 
allow, fyppofing the- centripetal Force 
not to aft at all between the Points B^andc^: 
but not otherwife j for if it a6l between r, 
and vc, it muflr either : a^ conftantly or 
by Starts ; if conftantly; then b c. muft * 
be a peifeft Curve, as above, though 
infinitely little cfifferent from a jigiit Line^' 
atid fo the pretended I>toionf!:ratioii is^ 
already overthrown^ if by StartS5 then 
* -^ ffluflr bean infixed Line, and" not 



\ 
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a Areigbtone, though yet mfinitely little 

different from a ftreight one. Wherefore 

it is pMn^ that, if b c be a fireight Liae^ 

As the Demonhration plainly luppofes^ 

the centripetal Force acting upon the 

Body in the Point b^ does not a^ upon 

it again till it comes to the Point c. Novr 

it is a0erted$ that a Perpendicular from 

$ to PQ., or BC prodocd) muft either 

fall upon c, or upon fome other Point 

between c and q^ : But I wonder how 

Mn Gordon is fure of this, fince, I b€« 

lieve, any Body but bimielf will granr, 

that the Perpendicular from s^to p-a may 

poflibly f^U upon (ome Point between b 

and C) as well as upon c, or between c 

and a : And if it fall between b and c, 

as certainly it may, becauie^ be the Line 

B c ever fo fhort) the Angle cbb may 

be fo extremely little, or b c may ly 

(o extremely clofetaBF, that the Angle 

s c b may be acute, as well as the Angle 

SB cj. then sc may ekher be ^qual to^ 

or longer or Ihorter than s b ; which agaia 

fpoils the fine Demonfiration.. 

s 

Scboly 
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ScholyU* 

• 

A,N Infinity of Kimis of centripetal For* 
■**' ces may be conceived, ^ or are poffr- 
ble, each conftantly ading in a certain 
regular Manner, or by a conftant Rale 
on Law: . Tiiough' the Law whereby one 
aiAs, be drfiferenc from tbeLaw v^reby^ 
another i&Si 

As for InftaiKe, there may be one kind 
of centripetal Force that may a^ upon a 
Bodyinfuch Manner, that its Impuifes 
nnay conftantly be direlilyasthe Diffan-^ 
ces ob the Body from the Center of tfee 
cenenpetai Force : Another Kind- o^ cen*^ 
tripetal Force may {oa£l, tt^atits Impal' 
ies may confiantly be, . as the CHftances 
reciprocally: A third a>ay fp at^, that 
i^ Impulks may conftantiy be as thfe 
Squares of the Difllam:e> reciprocally j 
and ^o forth. Of the third Kind it is high- 
ly probable, that there are a great many 
in^iijaciire. 

If V be put for tbe Energy, Efficacy^ 
or Impfilfe of the centripetal Force, d 

for 
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for the impelied or aCtraded Body's Di« 
ftance from ttae Center of the centripetal 
Force; then the Law of the £r(l men- 
tioned Kind of centripetal Force is^ that 
y is every whereas p direiSly : The Law 
of the fecond Kind is, that v is ftili as d 
reciprocally : And the Law of the third 
£3 that V is every where as d^ recipro- 
cally. There may be a fourth Kind of 
centripetal Force conceived, that aSts 
equally or alike at all diftances : And fo 
' of others to Infinity. 

Now 'tis plain, that an Infinity of 
Kinds of centripetal Forces is poifible, 
each ading bygone fixt and conftant Law, 
the Conception of this involving no Im« 
l^olfibilitj^r Contradi^ion. 

Proposition XXXIL 
Iheof* Fig* s^ 

IyF a Bac^ ome imptWd by .a ptojediU 
• Force in any r^tLine a.U be tur^ 
mdfhm iuhy a conftmt centripetaf 
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lying iV the Line afj the Bo'dy^ wiB 
wove in a Curve lying in the Plane 
that pajfes through s^ and the Length of Si U 
the Curve wiR aljp be toncave or hollow] 
towards s^ and the Body wiU^defoibe 
round i Areas proportional to the Times of 
defer ibing. - ' 

Suppofe the Body, in any Partide of 
Time, to defcribe by the proje(^ile 
Force, the Line ab^i it would, it no- 
thing hindred it, in an eq^al Time, de- 
fcribe &fs ab: And if it be urged in 
by by the centripetal Force, in the Di- 
reftion ^s, it will (by 14 Prop.) in in 
equal Time, defcribe the Diagonal be 
of the Paralieidgram bgcf Tne Aasb 
is a A ^s/, by 38. 1. Euch becaufe ti^- 
iss bfi alfo /J?sc\s s A^sf, by 37. i.i 
Eucl. betaufe fc is 11 b^: Therefore | 
is ^bsc :=iAasb. Now thefe Triangles 
bsc^ asb ^rt Ai:eas defer ibed in equal 
Times ; and by the fame Way of Reafo- , 
ning, the centripetal Force dire^ed to 
s a^ing again at the Point c, muft oblige! 
the Body to defcribe the Area cs^ equal 
to the Area^si?^ i&a third Time cq<ial 

" 't 
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te. either qf tbofe in which it defiirlhed 
the Area asb or bsc; and fo of the 
Arei d se, or any Number of fuch Area^' 
And if any two Numbers of fuch Areas^ 
be taken, their Sums will Be to one anb-^ 
ther as the Sums of their Times ;/ or if 
thefe Areas be proportionally diminilhedi' 
they tvill ftill be to one another is before. 
Let us therefore now fuppofe the cehtrr- 
petal Force not to aft by Starts, but con-; 
ftantly without Intermiflionj and confe-; 

^ quently that the Lines a b; bCyC d^ &c% 
and the Areas comprehendeij within thefe 
Lines are dimraifh'd to Infinity, fo as to 
bring the Points b^ c^ cLy e^ &c. in which 
the centripetal Force is fuppofed to a^^ 
next to one another; then will the Line 
abcde turn into a Gurve, and the Areas , 
that the Body will defcribe, round s \h 
this Curve, wiirbe proportional to the 
Times of Defcriptiojj, as above. And 'tis \ 
evident alfoy that the Curve wildly iti 

^ a Plane paflling through s and ^^^^ and 
will.be concave toward; SfWiW.©,; "^ 
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. 'A Schofy, 
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IE preceeding Prop^ Is Sir Tfaac 
Newton's i Prop, i Lib. Princif. 
land Dt. Gregory's ii Prop, i Lib^AJiron. 
knd I have cxprelTed and demonftrated 
It very near in Mr. Gordotis Words, the 
Pemonfiration, as he gives it, being juft 
enoqgb* But here Mr. Gordon very un« 
reafonably finds Fault with thofe twp 
great Men (fee Pag. 25, 26, 27 of his 
Remarks ) becaufe they havd^iot detet- 
inined the Species of the Curve, that 
(he proje^ile and centripetal Forces 0* 
bilge the Body to defcribe, though he 
thews not ( as Vm confident he cannot ) 
the leaft Flaw in the Demonflration. It 
IS true indeed, that neither Newton nor 
Gregory determines the Kind and Nature 
of the Curve, for in this Place they could 
not, the Tiling being abfolutelyimpoffi- 
ble i fince they fuppofe only any Kind 
in general of' a cenjtripetal Force a£tin^, 
and ridt any particulisir Species of centri- 
petal Force i^ing by one conftant and 
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ticuht Law : So that the Curve may be 
J«iy one amongft an Infinity of Curves.^" 
^And the Nature of thi? Curve muft de- 
pend upon the Nature of the centripetal 
Force, and the Quantity of the proje^ile, 
Force, whereby it is defcribed. Gordon 
inay ji^ as reafonably quarrel with a Per-^ 
Ton treating only of the Properties of a; 
Parallelogram in general, without de- 
(igning to defcend to any particular Sorip . 
of Parallelograhi j that he did not deter-' 
mine the particular Sort of t|ie general 
Pirallelo^ani, with which alone he was. 
at that Time concerned., Nowhowun- 
reafonable and abfurd this would be. we 
leave every one to judge. . 

I - 

T 

\ Pro POSIT ION xxxili; - 

T^eor.' Fig. 31; 
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£VERlC B6d) imping in a Curve j and' 
^ dticrihing round another Body Areds 
proportional to the Times j)f Defcriptiony it 
forced into ftkh a Curve by a pojeilile- 
Porcfi once iptpreft, andacentr^trtiforce 
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cQnftamly dire^ed to that Body, round 
iohich the Areas are defcrib^d, 
' Any Curve may be CiOBceiyed as made 

up of an Infinity of right Lines J fuppofc 
the revolving Body to move in the ih- 
fleOedLineij^f^^, and let this Line 
be cGmpos*d^ fuch infinitely fmall right 
Lines ab, bc^id, &c. as the Body de- 
icribes in equal Particles of Time. Let 
the fingle projedile ImpuUe be made 
at a, in the Direction ab ; and tet s be 
the Point or Body at Reft, aboiirwhich 
the other Body revolves. Produce ab 
to f, till ^/be=:<i^, and draw <is, ^s, 
fs,^ c Si &c. The Body in d,- in any cer- 
tain Tfme,defcribing by the proje^e 
force the Line V J, Would, if nothing 
hindred it, defctihei, in an equal Time, 
tf:=iabi and fince it defcribes not Bfy 
but^f, it isiurned from moving in of 
by fome Force a^ing in b, different Irom 
tae proje^ife: Force. The a <i s 6 is (by 
38. I. BucU) :=i A. bsfi the i^bsc is 
( by JF/yp. ) =5 A,asb, becaufc thcfe are 
Areas defqibed in equal Times : Ther*^- 
i^e^A^bse.^ Abs^f i Wtnea^ (by 
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39* ». Euch) fjc is 11 5 s. Therefore tlie 
Dir^ibn of the Force that tum'd the 
Body from moviqg in the Line />f, to 
move in the Line b Cy is ( by ly rfop.\ 
parallel to cf, and confequently is ther 
Line 5s. By the fame way of Reaibning 
it is plain^ that the Force (that turns the 
Body from a ftrarght Courfe ) a^ing in 
all the other points r, dy e^ &c. may al- 
fo be^ proved to be direflfed to s# . 

The fame Dennonftration hoIdPs good,- 
wben both the Body s and the revolving 
Bo^y, are urged by equal accelerating 
Forces according to paraltel right Lines, 
thdt isy vvhen both are urge4 with equal. 
Velocity in a ftraigbt'Courfei aswiHbe 
evidenr from thefirft Schaly iollQyiring* 

- Schotfh 

IF Bodies be mbyed any wife 'ainSig 
themf elves, and^ifter wards be urged 
by equal accelerating Forces, according to 
pftrallel right Lihes, or f whicl; ^$ all one) 
if their connfmon Geht^ol Gravity mow 

Ka right Line : They win M cootiinwr 
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10*010X6 after tbe fame Manner as at 
ixfl^ in reipe£^ of one another^ asif tfaiey 
yerenot ur^ed by the iaid Fo«ce«# 
r iPdtfvthft (aid coual accelerating Forces^ 
4i^iiDg m^pa^alle) LjUre^ionS) will move 
alt the Bodies with e<|ual Velocities m 
^elaid pirei^ions^' and will therefi^e^ 
^ever change the Portions and Motions 
cf the Bodies in Kfjpc& of one another ;^ 
aiid confequently they will continue, to 
move itt i!e%e£it of one another^, after ibe 
fiune Manoer as before* 
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^ .'z P>Jop. I X/^^ and Dr. Cr«{go>ys i» 
Pr^jp. 1 L/^. All that Mr. Gordon fay* 
fo itv in Pag. 14,-, ivj,: i;i5, rjy ^^i ^9r 
'atOj 2ij »2 of his R^r/ffiWA!/,, tfiat isany- 
Wifc, to; Pijffwfe, is, :^j^t>»5J« bdngi*- 
ParaUelogram, the Force in ^^dire^cb 
t^ s may i>e rdojv^d into tlae Forces k O' 
aad b K,, neither o| whidi is dire^^d lOk 
V which, in^e^d is yery fnnfj aa4fe m»|||i 



f^uail other Forces i and in that Cafe^ thei 
Senfe of the Propofition is, (hat . tb^ 
Fofce> that is compound^ af-alJ th^i 
Forces, is diiefted to the Point s, asSJF^ 
Ijaac Newton bimfeli acktiQwledgesand 
affirms in Sch of bisforementioned Prop^i 
ii^thefe Words* Urgeri pote ft ' corpus a^ 
M)4 centripetij^mHpofita expluribus/viribus:, 
m hac^ cafu ftnjus Propofitk^is: eji^ ^uodr 
wj ilia qud m ommbusampomtttr^ Undit ^- 
ffdpunttum s.* 

But now, when we apply the precce-' 
ding Propofiti(^ to the real PhaseomenA. 
ol NUtiire, and iKS)^t to arti£clal> Things,, 
aa a Ship carried >y a Stream, ^r animate j 
T^vagsi a&a' ^kn walking, which are Inh» 
ftances the Remarker very icnpertiaeot^' 
]^ brings ia x$ Pag^^ is it not far morr 
r««foi3abIe ( finae., afecordiog. to lo MoMki 
Hitfi»?e afks by. the fimpkf): Mmbtids')^ 
Mfkppoftj. that the Fos^ dire£lfed to S/ 
is^th^.^^e one m Ifgy tbaii two in bify 
and br cbiopodnding;: tht:^qnx inbgi} 
The laft Cafe ot the two Forces is in- 
deed very poilible, but the firft of the 
f^H^^W^ ^ far more probable : Since 
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'tis highlj^ inrprobable that Natute ufe 
a compound way, where a fimple.vray 
will do as welL If then the Planets re* 
Volve round the Sua In Curves, and de- 
Icribe Areas proportional to the Times, 
as, is well known by a Multitude of aftra- 
ilomical Obiervations j muft we not cor^* 
dude, that each of them il urged by a 
(imple centripetal Force ( and not a com- 
pound one ) dire^ed to the Sun, though 
not with Wolute mathematicalCertainty ? 
If we fuppdethedireft centripetal Force 
to be compounded of other Forces, in 
different Dire^ions running quite away 
from the Sun, in one Place of a planetary 
Orbit, we have the fame Reafon to itrp- 
pbie the like in all otber Places thereof* 
How what a needleis, ^fooKfii, and ua«^ 
reafonable Compofition of Forces dc^ 
this feem to be ? And wfa&t infiaginable 
Ground can there be for fuch an abforit ' 
Eancy,^ thbugh this be not fimply and ab-^ 
folulcly impoffibleg 



^4|o|q^ 
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PHOJOSITIOK XXXIV. 

^m * 

\ 

■s. 

\ 

jA Bodsi impeiPd hy a projeiiHe Fai^ce. 
•^^ once impr eft ^ and a, centripetal Force, 
conftantfy imprefiy ma^ move in any Curvt 
that if concoDe to the Center of the unttiz 
petal Force. ^ . ^ 

. This, I think, islpr«tty hew the Re-. 
v«fe 0I5 and alm(^ quite coDtrary ta 
our Remarker'fSrR. Theoretn^ which pre- 
tends the Curve to be a fpiral Line 
only. 

Let aray Cutve, '(hat is concave to the 
Gehter oi the centripetal Force, be cir- 
cumkribed by many Tangents A b, b Cy 
CP, DE3&C. produced, to H3» i,vK^ &C*. 
and let s be the Center of the. ceptripe*^ 
t*} Force: Suppole a Body' in a heihi/-\ 
pelled by. one fingle projedUe Imfulfei ! 
in the Direftion of the Tangent a b ; and 
after it has run from the Conta£i a to. 
B, let it receive, in b, a fir ft fingle lai-. 

P«ilfei(i0i9 the couxip^il f (uux^ 

to 



to s, fuch as may tarn it from the firft 
Tangent a b or a h into the Dire£iion 
of the fecond Tangent b c : For ( by Sch. 
.1 J Prop.) we may conceive a Force ten- 
ding t05> in the Dire£lion b s, fo adjufted 
and proportioned to the Force in a h or 
BH) as may make the Body move id 
any middle Dire^ion bc between bh 
anda s. When the Body has run in the 
fecond Tangent b<: tejyojid theContaft 
^tothe Point Cy let it get a fecond Im- 
pulse h'om the centripetal Force tending 
to S3 and that fuch as mSy ( by Sch. 15 
Prop.^ turn it into the Direction of the 
third Tan^l^nt c d between c i and c s: 
When it has run beyond the Contact g to 
fome other Point b, let a third centripe- 
tallmpulfe turn it into the Direiftioh of 
a. fourth Tangent b e 5 and fo on. Now 
fupbofe the Number pf centripetal Im* 
puliesj and the Number of Tangents to 
he each multiplied tajnfinityj then the 
infinite .Numbefr of Impulfes of the cen* 
Cripetai Force^ will be equivaldit to a 
conftantly continuing Impulfe, or a cen- 
tripetal FoKe adiog .iace0Eantly 1 and the 
': ^ ^^ infinite 



/ 



iniSnite.Number of Tangents ( Which will 
all be infinitely fmall;^ beanfe the centric 
petal Impulfes are infinite in Number) 
will degenerate into, and be all one with 
the Curve it fdf. ' From whence it is ma- 
nifeft, that a Body impeird by a pro- 
jeAile Force once impreft, and a cen- 
tripetal Force conftantly impreft, may 
move in any Curve which is concave to ^ 
, the Center of the centripetal Force, 

9 

WE have here fuppofed any centripe- 
tal Force in general afting at Plea- 
fure, without determining any particular 
Law by which itadiss becaufe we have 
determined no particular Species of Cur- 
ves. This we were obliged to do, that 
the^emonftration might be the mpre 
. general; andit is moft evident, that the 
fa id Demonft ration agrees to the Ellipfe,' 
any Point within it being theGenterpf 
tbe centripetal Force j fince the JEllIpfe 

will then be one Species of fjich Cuves. 

r". T - •'- Put 
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But if the Center' of the centripetal 
Force be the Center of the Ellipfe, or 
one of the umbilick Points^ it is demon- 
ftratcdbySir If. Newton^ that the cen- 
tripetal Force will be a regular one, or 
fuchasads by one conflantLavv: In the 
former Cafe, his Law of the centripetal 
Force is, that its Impulfes are directly as 
the Diftances of the revolving Body 
from the Center j fee 10 iProp. iLib» 
Princip. In the latter Cafe, whe» one 
Focus of the Ellipfe is the Center of the 
centripetal Force, bis Law is, that the 
centripetal Impuifes are as the Squares of 
the Diftances reciprocally, or ( as tb^ 
great Man exprefles it ) the centripetal 
Force is reciprocally as the Square of the 
Diflancej lee 11^ Prop, i Lib.Princip. 
Sir //• Mz£;/(?wairodetermines|the parti- 
cular Laws of the centripetal Force infe- ; 
vera! other Curves ^ all which he deduces ^j 
from bis general Law delivered and de- 
imonflrated in his 6 Prop. 1 Ub. The 
Proof oithis general Law, on which the 
reA depend, alfo the Proof of tbe^two, 
particular Liws in the two foremen- 

Cionea 



tioned Cafes, we {hall here laigelyde« 
liver in the five following Prc^>ofitionri 
viz. The general Law, and that of the 
latter Gafd, after Dr. Grtgorfi lull and 
clear Metnod'; but that of the formec 
Cafe (which Gregory hz&ivat) ^^ttNew^: 
ton^s own Method enlarged* Newtw*i 
own Demonfiration of his general Law^ 

we fhall refer to the end of this Tfa£^. 

~ - ^ ... - - 

PROBOsirxoK XXXV; 

Lem, Ftg, 33; 34, 3 j? 

>T»H£ mfiettt, or emnefcent StAunft 
•* of «i&* Ji/g/f of Contact in a Grcky is 
in a dt^Cate Proportion . of the conterm4 
iud Arch» : " 

, This is Doctor Gregor/s 24 Pri^ 
[Afiron, 

Let A D c be a Circk} a B a T^ng^nt 
in ▲> and fo the Angle b a d, inade by, 
by the Tai^ent a b and Arch a d, the 
rAnsle of Conta£). 1 £ay, that any Subi 
feme thereof, infinitely near the Point k 

^ gonta^^ as b x>> ^ a^i th§ Squ^e of 
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the Arch ad; that h^ thisSubtcnfe zi 
is to another Subtenfe b d infinitely near 
Ja, as the Square of the Arch a1> is to 
the Square of the Arch A^ 5 provided 
BD and bd be parallel as in Fig. 33 and 
34, or, being producedj meet in fome 
Point o remote from ki as in Fig. 35,6) 
lljat they^be infinitely near parallel. 

. 4>raw the Diameter a c, which (by 
H%*l*Fucl.) will be perpendicular 'to 
the Tatigent A B. 

I Cafe. Let the Subtenfes db, dh 
be (in JP^. 33.) perpendicular to a b. 

Draw DEj de parallel to ab j draw 
ilfo c D5 c dy Jind the Chords a j>> Ait?. 
The Arch ad being infinitely little or 
nalcentj di3es infinitely near -coincide with 
its Chord ad; and confequently is in- 
finitely littk different from, andfo is to 
be cqufidered as the fame with the faid 
Chord or right Linfe ad : In like Man- 
ner does the Arch Ad coincide with its 
Ghord Ad. But ( by 31. 3. End.') Ajyc 
is a right Angle i therefore ( by 1 Ccr. 
8. 6. EucL ) as is a C :Chord a d :: Chord 

^ D : A « W BD^ Therefore is 'Chord 
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'iLi>f:=i ni>X AC y and confequentl^ 
^^2^^aBD. Juftfo is Chord A^^^ 

(ore is 21121^^: SJi2l|^ : ; bd:*4 

afad confequentiy Chord ad^: Chor4 
A:d-([i:BJ>:bd. Therefore, (ince the 
Arch M,j) coincides with, and (o is infi« 
nitely near equal to^^theChord a d, and 
Che Arch a a coincides with, and fo is 
infinitely near equal to the Chord xdj 
there will be as b d : ^ dt : Arch a d ^^ : 
Arch Adq* w, w. D, !• 

2: Caje. Let^the Subtenfes Brr, &^d 
(Fig. 34.) of the Angle of Contai^ be 
yet parallel, but not perpendicular to 
tiie Tangent a b. , 

Draw DF, df perpendicular to ab ; 
then (^by reafon of the equiangular Tri- 
angles Vf B, dfb) there will be as bd: 
^'^::DF:^f.But (by i Cafe) asniEidf:: 
ADq : A dq* Therefore as bd : bd:: 
ADqiJ^dqi w.w.i!>. r. 

3 Cafe. Let the Subtenfes b d, b d 
(Fig. 3 ji.) converge towards fome re- 
mote 
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mote Point o, but ia that they may be ^ 
infinitdy near paralkl; 

Draw Dty df perpendicalar to the 
(Tangent a b. Since b d, ^^ are foppofed 
to be parallel>4b««k> f b i^ iss ' > /6 ^, 
and coufcquently the Triangles rBi>, 
fb d are equiangular. Therefore as b jk 
Bd'.inr :df. But ( by i Cafe ) a$ d i : 
df:: ADfixdq, Thereforcas bd: ^^; ; 

'jADf ; A^j. W.W.b.J, - 

'ACoroUarfi 

*TrH£nafant or evanefcent Subtcnfe 
-■• of the Angle of Cootad, is alfo in 
a duplicate Proportion of the conterml* 
aal Arch, in any otherCurve to which 
there inay be delcribed an equicurve 
Circle; or a Circle whofe Curvature is 
the fame with ( or infinitely little diffe- 
rent from) the Curvature of a fmall Por- 
tion of that Curve; fuch as are the Co- 
nic Sedions, and many other Curves. 
For if tht Circle a d ( Bg. 54. ) be of 
|be fame Ctirvature with a fmall Portion 
'^ B of the Curve a b o, the Points Dand 
• .'•"'- d 



<f wiirboth be in the Periphery of that 
eircle, and alfo in this Curve : There- 
fore the nafceht or evjlnefcent Siibrenfes 
Bi>i^ bd of the comnwn A(^le oiT Con- - 
Ca% wUlbe in a <laplicatd Proportion 
of the conterniiinal Arches Ai>> ^ a <2 of the ^ 
Curve A DG, as well^ as <rf the Circle o 

ADC. . 

PiROPpSltlONXXXyt . 

Tf/< Body .be pr^e^ied according Wtht 
'^^Dtre^ioa of any rigU Line p r, and 
a% the fatneTimtbe urged by a cmtripetd 
Force conftantfy tending to a Center s, fa 
that by the confound Mothn Jt > dejcribe 
the Curve JLVpi .if alfo y the r^bt Line 
p R touching the Qtrve in- any Paint f^ 
from another ^Point b in 'the Curve infi' 
nkely near t there be- drawn the rigH 
Line b o perpendicular.- to. the right Line^ ■ 
s^p,' and ' B^parailei to. s? ■£[ And the .likff .; 
Conduction be taade at any other Poinf - 
p of the Curve X pr being aJan^ut in f ; , 
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B infinitely near p^ rbparaliett and bil 
perpendicular to sp. Then the centripetal 
Force in ^ will be to the centripetal Force 
inpai^lJ^ if ro s^X^. or the 

antripetal Force in any Point 1 will be 
reciprocalfyas thejolid^^^^^y when 

the Figure ^KBPis infinitely little^ 

Thiiis the great\^tvit(Xis general Law 
vf cevrripetd Forces ^ which the defer^ 
-^edljf famous Vr , Gtegoty demonftratei 
after the following Manner. 

Let the Force or Impulfe 10 v tending 
to tile Point Sy be called v ; and kt the 
iTime wherein the infinitely little Arek 
> B is rjMi thro* by the Body with the 
compound Force, or whereby the Body, 
by the proje&He or natural Force alone, 
.would ran thro* the infinitely little Tan- 
gent 9 R, be called x. 

Let the centripetal Force in p be cal« 
led 1;} and the Time, in which the in- 
finitely little Arch pb isxun thro*, or ia 
Sirbich tbt Tangeni J^ r would be run 



thro^ becalled ^ JLet p c bean Arcb run 
thro' in a Time' equal to the Time t, in 
which the Arch pi is Tun through ;.and 
draw c/ parallell to sb. 

Then (by Lem, j, Prop. ) is ^ sa 

^ X n " ^"* ( t>y 3 5 ''^' and its Gr ^ 
TjT is 3 -p7^ ; and thefe Arches p b, pc 

being infinitely little are (by r. 6.EucL) . 
is the Triangles b s f^ <^5 b ; that is ( by . 
^ Pr0p.)-as the Times in which they 
are delcribed, or (by Con fir, ) as tht 
Times in which the Arches vni pb are 
defcribed, oj- as t, t : Conlequently 

77 «frj is =5 ?; Again (b^ 2 Max.) 
the little Line cfls to the little Linear 
as the Canfes that produce them, that 
is^ as the centripetal Forcein p to the 
^ntripetat Force in/i, orasvtoi^: Con- 

fcquently -J As sT^. Therefore is ^ =3j 
I-*X^Whence,ri,;=,BR^2::'^. 



IS X to J fp is Arsa 51 » to^f 5*/>, or 

~ . twice 



twice SB P'to twice s^j&, or (,by 41 i Jj A 
%ml.) as spXbd to spHbd. There- j 

fore is r^ == sT.KB^r '^^ confequently 
vis toi) (as B& ^s ;» f Xi </? is to brYisvq'A 

or) as siXX^ isto53ii^^^.There* 

. tore the centripetal -Force in v (tending 
to s) is to the centripetal Force in f, as 
^*^khi9 13(0 sgyX^Pf.; Or' ( to ex- 

prefe'the .Thing (hotter ) the'centripetal , 
Fprcein p, is reciproally proportional to 

the nafceut or evan^fceflt folid -^^r^-— 

ArCorolldty* / ■ \ 

ttENCE, .ifanyCorye APf be gi^ 
in ven, and a Point s to which the 
centripetal Force tends j thCsValue of the 
Solid sP?.y?D? may be determined from 

the, Nature of. the Curve j and conle* 
■ fluently the Lm of. the, centripetal Force, 
wj?ich is reciprocally as. the faid Solid, 
jiiay be found* . Prxj^ 



( "7 ) - 
Pro f^osit ION XXXVII. 

. Leml -Fig, 57; 

i T F tf w^j Z/;jtf R p z iottchi in att) 
; Pw»r 9, an Ellipfe a p i, wfeyi wws- 

through the ElUpfeV Center c there be 
drawn a Diameter ik ptiralkl to kz: 
(Thehi a right Une bemg drawn from 
stO£, that Part thereof E?^ which it in* 
fer£eptedby the Parallels 1% and a 2, k 
equal to CA.halfthe longer Ax. 

Draw f p, and pk 11 r2 or ix, Sincd 
( by |. 4. of Milnes*s Conic SeSions ) the 
Angles F p 2, H p R .are equal j alfi) the' 
Angles p p H, PHP alternate to thefe, arc 
tqaalj wtftnce ph iss pp. Again,fince. 
s and p are the Foci,' and c the Center, 
sc is S3 cp: Therefore (by 2^. Euch)si 
iss3 E H. But SH IS the D^ence of ps 
and p H : Therefore s h U alfo the Diffe- 
rence, of P s and p p, and t n the ff alf^ 
diflference of the fame. Wherefore e ¥■ 
(made up of the leffer <Quantity pf oe 
' ' '. ■ 8%' 
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A p M be tti^ plip(e in wlikh the 
Body revolves, and let s be that Focus 
ot the EUipfe to which the centripetal 
Force is direi^ed. Dravif.the conjugate 
Axes T A, GY, crofling one another in 
the Center c. And at any Point p of the 
elliptick Ciirve draw a Tangent h p z, 
draw alfo the Diameter p u^nd i c k 
a conjugate thereto or parallel to the 
Tangent h z^ and to i k demit the; I^r- 
pendicuFar p n. Complete the ParaHelo-i, 
^ gram p c i h, and i h will touch the El- 
lipfe in il Joyn s p cutting i k in" e. From 
the Point b- infinitely near p draw b r pa-' 
rallel to s p, and b3c to r z, meeting 
spinx^ and MPin (?,^ DraWvaifoBD 
perpendicular to s p. 

The centripeta,! Force tending to s \i 
( by j6. Prep^) reciprocally as the Solid 

^^/^^. This then muft be compu- 
ted ffom the Nature ^of the Ellipfe. , To 
Which . Purpofe let t dejiote the ^arar 
ineter of the longer Ax t a : Then ("by 
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(by i.tf.E»c/.)i:xl7 isa^*l5 *? 
(by 2. 5. E^c/, ) ||, beaufe 5«<7isi[ J <^| 
and ( by 37 Prop. ) pe isr: acs 
Therefore 18 ^^^^ - p-^. Asain,-MOCP? 

ntc. and Permut.) - B^y - is 5=! - 1 c a "' ^ 

fc|. Andj in the prefent Gafe, b is ss 
BX, the Point « being infinitely near tl» 

Point p: Therefore isg^l .5=3 i, and fo 
17?^ goes out of the firft Equation. Far^ 

thw J^ « =s ^^^; becaufe the Tri- 

an^es hDX, pn £ are equiangular, for 
the AnglesatD and Hare Right, and the 
alternate Angles bxd, pin of the 
two Parallels B>f, E N are equal. And 
itq is a c A^} becaufe, as before, 

P BIS a c A : Therefore is |~J^ •=!. ^^ 
6ut < by II. J. M;7». CbwV,; ): the Rca- 

' angle 
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^uigleec St c A is equal to the 'ParaIIel63 
grampciHor( by. 35. x. Eucl.) the 
Re^angle i c Kv N> therefore ( by jtf. &' 
E«f/. I ar c'A : p N : : I c : G c j whence 
AS CA^ ; PNf :: iCf : cCfgther^ore is 

g^ =: g-§^. Therefore fincc, as before,^ 

thle Prbpprtion of l X b & to b d^ is coni^ 
pounded of the Froportipns l x b W 
tOLXPo, LXPotoMOX P^j Maxpd 
to BO f, ( B Oy to B «f which goes off) 
aod B itf ^ to B D ^ J it muft alfo be com-: 
fwunded of the Proportions refpe^iveJy - 

equal to thefe-, that is^ ^^f is = ^>C 

,"^ "moxgc? • But- (by 4 Or. 24. i,;; Vi 
:M»/»iG«/c.Mcxi!s=3 2Gx-. There^ ^ 

•fore IS -^D^ = i^^-c7= 137 • But 

fince the Points b and p are infinitely 

near one am>ther, m isf^ M p ) ^ 2 c p; 

; Jhereforici is b i>f =s l y b r j and 000^ 

f^ 1 S PfX BID f_/SPfXLXBR._ 

lequently— "B r— ^ (— Fr '/'^ 

SH^ir Wherefore the centripetal 
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fV)ceekl 9 b reciprocally proportional to 
r9q}(^j zs is evident from ^6 Prop. 
or, beanie l is a confiant and invari^e 
Qsumtity 3 the centripetal Force is red- 
iprocally as s p ^ Therefore the centri- 
petal Force tending to one of the Fod 
•of an Ellipfe, uredprocally as the Square 
of the revolving Body's Difiance fro«\ 
that Focus, vr. w. d. 

At the End of this De^oitffration it 
Is proved) that the centripetal Force is 
'ffeciprocally as s p f X l ^ that's to {ay, the 
centripetal Force in the Point p is to the 
centripetal Force in any other Pointy 
(when the Force isdireded to a Fociis s * 
of the Ellipfe )ass/)yXListosp^XL, 
orassp^isto spfi which is all one as 
to fay, that the ^centripetal Impulies or. 
forces in the Pdjpts p and p are recipro- 
cally as the Squares of the revolving 
$o^y*$ DiAances from the faid Focus s. 






Cm \ 

Proposition 



it 



Iheou Ftg. i9l. 

JF a Eady once' impeird Byaprtje^e 
'^ Force y and confiantly urg'd by a «»-] 
pipeial Fdrce^ revolve Jn^ an Ellipse ^^ the 
{ centripetal Force 'tending to the Center of 
\ the Ellipfe :■ Ihe Law of the faidcentri^^ 
: petal Force will brfucby that its Imputes 
[ on the revolving Bodjy will always be di-^, 

':uSily oi theDifiames ^fthtfaid Body from} 
^ the [aid Center. - 

Let sA^ SG be the Semi-axes of the 
Ellipfe, whofe Center sis alfo the Center 

• of ihe centripetal Force; m p^ i k two 
conjugate Diameters, P3^, bd Perpen- 

» diculars to the faid DiAmeters j bo m 
Ordinate to the Diameter m\?^ andcon- 
feqoently parallel to p R:the Tangent at 
the Vertex p and to Tkj .complete the 
Parallelogram b^ pr> and fuppofe the 
Point B to be infinitely near the Point P. 
Then (by 2, Cor. 20. 1. Mitn. Conic.) 

\ U hvo X OMi BOqiisVq :si^ and 
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by reafoff of the fimilar Triangles 5 » »; 

pK)'as BO-:BDf ::$Pf :P«<« 

rherefore is ^BTf ^ sT7»*"^bST ""^ '' 
•L5.Whencrt^^X3^J=.-( by' 

^^^^11^. Therefore isis^oXou. 

B D^ .:: s P^ X s Py s s I ^ x P N f ; and 
lonlequently b d , X s p ^ x ,s p ^ sa p ♦ i 
y. M xs If XPNy. Wherefore ^ 

r- pi i,'-' p* ,^ sPf X s^f/ 

issa«*MXsifXPNf: And confequeot-. 

ly asoM: -p;;^ ::(sPf X«P«:si 'i 

» N f : :) sp ^:: sp? • €omjpletc 

he Parallelogram s p h i, and for p o 
mt its Equal b r, and for si x p n ( or 
p H/i ) put s X s A equal thereto by 
1 1. 2. Miln. Conic, alfo the Points b and 
* coming clofe together, for o u put 
( s p : Then, multiplying the Extreme; 
nd Middles of the laft Analogy, yo^ 
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But (1)^ 3 6i Prop.) *he<eBtr^-s 
tal Force in p is re^iprocally'as tfhe nafcent 
S^li^lL?>^T^i Therefore it i? alfo re-' 

^r Jo Jv ^ 

ciprocally as * ^3 ^ ^ IM . Now :» S9f > 
X SAfis a given or conftant Quaotity; 

the centripetal Force is reciprocally as-i^ . 
«nd confequently dire&ly as the Diftaoce 

A, Schdhjl . 
JN Ike former Demonftrationit is j»r6- 

J-led, that ^-^^^^ « ;=: *-^J-J^*. • 

Now, if p r be a Tangent ia f , r J pa- - 
rallel to s/», and^^ perpendicular to s/», , 
the Points ^ and p being, infinitely near 
ene another j it may be proved, alter 
the very fatne Manner as above, that ' 

&MVW? |g^aSGy-<S/^y. ^^ ^j,y ^^ ^ 

Prop.) th^ centripetal Forcein p kt<ythe-' 
centrtj[wtal Force in /^, as 5 ^tjliil {$ (g; . , 

: ££i^5r^} iib<tf w ( when theiaidF^rcei -: 
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•SxJifeaed to the Center of the Ellipfe) as 

sp oio.'- §-p- , or 3s s^ I 

IS to s^) becapfe 2 so ^ X s a ^ is a given . 

Of conftant Quantity. Therefore the cen- j 
tripetal Force in p is to the tentripetal ' 

|k)reein/).(a$ ^isto s^or) as «* « to 

is^ the Diftances diredly ; bedaoie Fradi' 
00s, of- the fame Numerator, are recipro* 
caily proportiokul to their DeDomina- < 
tor$» 

P&O PCS IT I OK XL, 

'■.■■-■ I 

Lew, Fig, 40. ^ ' 

TETtcxbeM Ellipfe^ b a its longer 
-*-^ /Ix, c the Center, c6 half the fior-' 
ter AXy and f one of the Foci j ri^^^^^ /f 
/«?«/ 1 there ke drawn an Ordinate it to 
$he longer Ax zil^ IJay that be is more 
than I A. 

Put BCOrCAStf, CGSf, CFSgj 

fben is bf:s a -t^. 

By 4 Cbr. a. 4. Mih. Conic, feis 

iW^al to half the Pawmeter of the kn \ 

.ASj'J 
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!a 1. And ( by 4 Cor^ 24. i » Miln. Conk.) 
I iXc A or F E%a is s c G a :=: c». Whence 

T E iss^t . Alfo {by 2 Cor. ^0. i. Mibt, 
Ca«/V. ) ^a^ B F y fa:bc X ca: ifea: 
c c ^j tmt.tfy as<i + ^ X F A : <l» :: -. : c*» 

Whence thereis4c*+^fiX»A=a (4* 
X -!=3 ) c* : And confeqaently r a a; 

Ct^« - )7r,' »«^» as before, i e is 
s •" i and *cis evident that t. is more 

than -C- Thereforeis is more than fa. 

* + « - ^ - — . 

Corolkyiesi 

!ii npH E Semi-parameter or Ordinatei 

•*• F E djrawn from the Focus ify^ is 

longer than any right Line f d <lrawa 

fxota the (aid Focus to any Point i> of 

the ellipcick Curve bettyeen a and £. This 

, will be evident by describing a Gircle 

from F as a Center at the Diftance f e* 

2. It is evident) , that any right Line 

Y K drawn ii^m (he focus i Co any Pbitit 
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of the-cHiptick Curve between if ah#5; 
i& longer than fe md fhorter than ^ b ; -■ 

3 . It is evident r that the Line 1 1 Ip 
isig nearer js^ Js Fonger than fo fyii^ 
further from fe. And- that any LineFi; 
lying nearer FB, is Jonger ihaa f<j lying 
further from FB.: j 

4,^ It is evident) that fa the Part of the 
longer Ax « lying between the Focus f and 
the neareft Vertex a, Is the ihorteft of 
all right Lines that can be drasvn from 
the faid Focus to ^ny Point of the ellip- 
tick Curve : And that thexeaiaioin^Pait : 
FiB, R the longeft of alU . 

PjLOPPSiTtOW^XLL- 

r^^E Viftance i q i^etween either JPbtur 
J- F oi 0nEU(pfe and the End c ofthejhar* 
ttf. A x^ is a mean arithmetical Proper^ 
tfonal between the Segments bf. and fa \ 
^ ibe longer Ax^ mdg by the Jame P'a* 

$Hl Ft ; ^ ^ 
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For PC being drawn from tbi^ other 
Focus p, there is (by j. 4. Win. Conic.) 
FG f PG or 2 FGS A.B i and confeqiient** 

ly ro si AB or the half Suni of bi 

zxid V A : Wherefore fg is a mean aritb« 
metical Proportional between bi and 
FA. w.w.p. 

m 

4 \ 

I y 

PHOPOSITION XLIL 

'Iheor. F/^.41; 

t 

IF a Bodj move ittan Ellipfe by a pro^ ' 
jeffile Forctj and a centripetal Forre 
conftantly tending to a Focm of the Ef- 
lipje : lis Velocity in any Point in its fe^ 
cond Revolution y will be the fame it was 
in that Point in its fir ft Revolution : And 
fo in any other Revolution. 

Let s be the Center of a centripetal 
Force which joined with a projedile, 
makes a Body defcribe the Ellipfe a k p n 
wbofe longer Ax is ap and morter bf; 
fuppofe alfo s to be one Focus of the El- 
lipfe, Theta (by 31 Prop.) the Body 

wiU 
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will defcribe Areas proportional to the 
Times of Deferibing. Let the infinitely 
little Areas a^sc, gsD) dse, esh^ i|si, 
<$t. be equal ; and confequently the 
Times in which the Body defcribes the 
infinitely fmall Parts a e, c d^. d e, e h^ 
HI, c^c of the Ellipfe, will be equaL 
Therefore (by i Prop*) the Velocities of 
the Body in thefe Parts' will be in the 
fame Proportion as the fa id Parts ; for 
the Motions in thefe infinitely little Parts 
may every one be confidered as uniform :• 
>And fo the Velocity in ac will be as a c, 
the Velodty.in ax^«(;(hooglrgreaterthaR'^ 
that in a c) will be as cd, the Veloci- 
ty in de^ p £) and fo oru But it is plaint 
that , A T is s AC, T.R;=;ci>y rn;=5de,, 
and fo on; isind confequently the Veloci- 
ties in thefe Parts are the fame refpe^^ 
ively. From whence it is evident, that* 
the Velocity in A^in the fecond Revolu-^ 
tton, is Xhe fame, it was in a in the firft - 
Revolution ; and fo in any other Point of - 
the ii^lipfe. What is proved of a fecond • 
Revolution^ holds £Qod^ , afCier the very . 

lame: 
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fame Manner, in a third, fourth, dc? 

Corollarits. ' 

i.UROM this Pr<?/»., and 40 Prcf. 

■T with its Corollaries it is evident, 
that the Body's Velocity { the Center of 
the centripetal Force being the F0C05 s 
ofthe ElUpfe ) is ftill increafing from a 
through K to p, and again decreafing from , 
p through B to A>, fo that the Velocity 
in A is leaftj and in pgreateft. It is alio 
evident from 41 Prfif. that the Velocity 
in B and f, the Ends of the fhorter Ax, 
is a Mean between the lea(l V«Iocity m 
A and the greateft in p. < 

z. Hence it is plain, that all that Mr^ 
Gordon advances in Pag. ^7, 88, 8p of 
his Remarks i concerning theconftatit In- 
creafe oi Velocity of a Body revolvingiii 
an ElUpfe, alM3ut one' of the Foci as the 
Center of the centripetal: Force, is falfe^ 
and his Banter groundlefs. For from what 
we have juft now proved it is evident, 
|hac though the Velocity jnorfafesinone 

Half 



S^ 
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Half of the Ellipfc, it gradually d€€reafei 
as much, in the other; and that, after a 
complete Revolution, the Velocity is the 
faine it was at firft. 

PiiorosiTioK XLIII; 

Jjm* fig" 42i 

rr-ME 'oe^ffd Sine of an indefitiheb 
i fmall Arch of aCircky it equal {at leafi 
ixtremely near) to the Square of the laid 
^rch di'Oided by the Diameter : That is, 
if AB be a.'vety (mali Arch of, a Circle 
whofe biametir is a g, tbe verfed btne 
AC is ( wry nearljf) equal to the Square 
of the Arch A b dinjided by the Piameter 

This already has been virtually proved 
in 35 Prop, but welhall here expjicitely 
ilemonftrate it. , ^. 

Draw the Chord A B, the Sine cb, 

and the Line g b. Then C by i C«r. 8. 6. 

EucL) 3iS is A G^ A 3 : : A B :a c j whence 

- A c is= A^^,' that is, the verfed'Sine 

AC of the ArchABis equ4t9ti?Square 

7 -^ ' . of 



- ; 



( »i3 ) 



yf the 'Chord A B divided bjj the Di'amc.' 
ter A G. But aa indefinitely fmall Arch 
and its Chord coincide.i; Tiiercfore the 
verfed Sine a c, is equal to the Square 
of the Arch a b divjded by the Diamen 



t€r A 0. w, w. D. 

I 

' A Scholji 

"KX^ Gordon m his. K^w^d^/ begins at 

1 c- ^ ^°^ of .^'^•S 8. to quarrd bard 

vrah Sit Ifaac Newton and Dr. Gregprn: 

the Moon is hmdted from running out 
in flraight Lines and kept in h^ Orbity 
IS the lame with that Force by which 
heavy Things fall to the Groundr S 
endeavours to confute them. In order 
to which he affirms in Pag, 42. that i£ 
very clearly appears, that the real Mo^ 
tionof the Moon, is (by iV^a,/^^)«>nv; 
pared wih the apparent Partof fallina 
Bodies only. NOw fuppofe thisbegi^ant 

that irfh'o tr^r ^ ^'^ "° good rSToJ 
that It ihouldj fince the Fall of a Bodv 

very near the Surface of the Earth-. S 

M " ' 




lound by inany Experiments to be about 
,1 5 - Paris Feet, in a Second of Time, 

ifi a free Space; .fo that whether the 
Earth roll about its Axis or not, the Fall 

cff Tc-i ftich Feet in a Second of Time is 
- -^ It 

determined by Mr. Hugensy Sir If. New- 
tony and their Followers, to be the full 
and real (and not apparent) hScSt ofGra^ 
yity near the Earth: Yet the odds of fal- 
ling In a Second, a Space more than i$ 

«- Feet, 'viz. /uch a Space more as is 

equal-to the verfed Sineof 17" (asG^r- 
don would haVe if, or rather 15% h 
much as any Point of the Earth'> Surface 
runs, by its diurnal Motion, in a Second 
of Time) of the Earth's Circumferente, 

befidfs the faid 15^ Feet or 181 Inches, 

which at moft is buti of an Inch, hio 

fmalt in refpcA of i8i Inches, that in 

fucb nice Experiments it need not be 
coofidered; 

. '~ ' ' ^ ■ 

Tlwt 






That the verfedSineofan Arcbof 15" 
of a great Circle on the Earth is not full 

4 of an Inch, wLU thu$ appear. Such a 

great Circle's Periphery is, by late accu-; 
'r,ate Obfervations, found to be 12324J- 
600 Paris Feet, and confeqiiently the 
Diameter to be ^9231600 fucb Feet; 
Now as .1296000 the Seconds in the 
whole Periphery is to 1232495001116 
Peet in the whole Periphery, fo is 1 5 Se- 
conds of the Periphery to 142 d'j Feet,' 
anfwering to 15 Seconds* This Arcli 
1426^5 Feet fquared^ and its Square 
2034902*25 divided by the Piariieter, 
the Qjjotei '052 wilt (by 45 Prop.)%{v6 
the veried Sine of 15'' fought : And this 

Decimal '052 of a Foot is not fuU^ o£ 

4 

an Inch. From whence it is plain, that' 
the Remarket here makes a Noife to lit- 
tle Purpofe, efpccialiy fmce the mean 
t)iameterotthe Moon's Orbit is riot yet 
completely determined, though it be 
determined to be about 60 Diameters oi 
ttie Eart^ 
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Proposition XLIV; 

« 

fr^B^E Forci whereby the Moon tends 
-* to the Center of the Earth, and, is 
hpt in her Orbit i is the fame with the 
Torce -of Gravity i whereby terreftriat B(h. 
'dies tend to the f aid Csnter. ^>K 

. The Time of the Moon's Aewo^*^" ^ 
in her Orbit is 27 t^%' 7 hou.v>' 45 
Minutes, or 2360580 Seconds of Time. 

In 3 (50" there are 129600". 

And as 2360580 Seconds of Time is 
to 1 296000 Seconds in tbe periphery, fo 
is I Second of Timefo B§^of a Second 

23(^058 

in tbe Periphery, equal to '549017 of a 

Second, equal to tire Arch of theM6on*s 

Qrbic that is defcribed in i Second of 

^Time'. 

• The Mooii*$ Orbit is 7394976000 Ptf- 

ris Feet; and. the Diameter of her Orbit 

is 2353896000 Paru Feet. 

Then as 129600O3 the Seconds in the 
whole Periphery, is to 7394976060, the 
, " '■ . f . Feet 
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leet in the. Whole periphery, orts f J9tf 
is to 7^94976, To is '549oi7"ol' the P^- 
ripbeiy 10^1^2^691 Feet, anfwering to 
'5490 1 7": bo then the Atch of the Mooh^ 
©rbiti run in t Second of Time,, is 
3.132*5^1 Feet. 

This Arch of" 3 132*^91 Feet bein 
f quared , an<J the Square 9 8 1 3 7 5 2 V o 1 48 . 
divided by- the Diameter 2 3 53 8p6ooqf,'. 
the Quotient 'oc4i69.of a Foot will (by. - 
43 Prap.)' give the vetfedSine of the; 
Arch the Moon runs in aSecpndy whicfl 
is the Meafure (at leaft extreipely near ) 
of the Moon*s centripetal Force in Jier. 
Orbici Butthefaid Force is asthe Square 
of the Dtftance i-eciprocally* Therefore^,*, 
if the Moon was brought to > the JSurface. 
of the Eartli,^ or 6.0 Times nearer the '. 
Center than file is, her centripetal Force, 
would be 6o)^6py0t^€oo Times 0^416^/ 
o(a Foot, or. i x'0084 Feet equivialenti't 
b 180*1 Inches. -So tlieff tiie Moonueat. 
the Surface, of the. Earth being let. falli, 
Hr«uld delcendby hiei. ccntripetar Torce. 
in a Secopd of Timej i8o'i Inches. .Butt 
His IknowR by many Experiments, , tbatt 



^4ieavy Bodies near the Surface of the Ear th 
-fefl ifi a Second of Time 1 5 ^ Feet on 8Lr ^ 

^nches ; And thefe Numbers 180*1 aod 
ixSi differ but very little from one ailo* 
'their. Therefore the MoonV centri- 
,f etal Vo i€e is al 1 one with Gravitation^, 
'01 that Force v/hereby heavy Bodies near 
the Surface of the Earth tend to the Earth s 
pcnter. ^ 

This Galcul is founded Upon the Sopi j 
pofition^ that the Diameter of the Moon*s A 
Orbit is 60 Dianaeters of the Earth t But^ 
if we fuppofe the Diameter of the MbonV 
Orbit to be iomewjiat moie (as probab- 
ly it is) viz. So i Dfaraeters of the Earthy 

and renew the Ga'cul, wqwiU findtha^ 
the Moon near the Surface of the Earths 
would defcend by her centripetal Force^ 
about 182 Inches, in a Second of Time "^ 
And this wiH anfwer all that Wk.Gordon^ 
can demand about his real and apparent 
^avity^ as is plain irom S^b. 4j Prop. 
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MR. Gordon in Pag. ya of blsRimarkf 
delivers a Iheorem^ from which m 
Tag. 55 he infers a G?y«///i>7, defign'd not 
only to overturn the preceeding Propofi* 
tion about the Gravitation of the Moon>, 
but alfo all Meafures and Efttmates of 
centripetal Forces by verfed Sines, His 
T,heoremy in his own Words, is as fol- 
lowsr 

A Body defcribmg an Arch ft d, rwf- 
fy falls from the Tartgent c^e'very Fpint of 

\ that Arch a certain Sp'ace^ andihe Sum of 

I allthoje Spaces is^ in refpeif of the t)erft 
Sine ojzdy infinitely little^ - ^ 

^ This Theorem looks very like a Para^ 
dox, and ^t if the Arch a a be {uppoledl 
infinitely little, it will perhaps be iotind 
to agree better with a Principle detivd- 
j:ed by Sir //. i\&ie;?^», Dr. Gregory^ and 
Mn Whificn, than any Thing in all Mf; 
Gordon's Remarks.. lEhe faid Principle is 
Nixvton^s I Cor. 1 1 Lem. i L/^. Principe. 

\ fire^orfi Scbd'. 2^ Pi^op. ^^ Lik. Afirotk 



Thyfico'-mathem. which we have before 
laicT do\yn in Cor. 3 5 Prdp. Gordons 
•Jpemoottration ot his Theorem being ail 
bare Aflertion, \yithout apy Reafons 
affigned, l&all not be at the Pains to 
examine it 5 but ihall only more fully 
exprefs the true Meaning ot-hi s Theorem^ 
and after I have endeavoured to give 
a more, clear^ fuccin6, and accurate 
Demonftration^ deliver his CoroUary : 
IWhich done^ I believe it will eafijy ap- 
pear^ that* the faid Corollary has* either 
DO Conneftioii at all with the faid Thei^ 
remy or elfe that' the CoiHieaion is fo 
Vobfcure, that the Remarker is oblig'd to 
fhew it. The true Meaning then ofthe 
flheoretu I Uke^tQh^ thisj Suppofran 
mfinitely little* Jreb ad of a Curm to fe 
4i'oided into an in^ke Number of Partri 
md Tangents dwwn to all^the Points of 
IDivifion ij acentripetal Forct confiantly dt^ 
YiSiedto a certain Point i^^ wdl make a 
Body defer ibing^ the lArch a A fall from alt. 
the Tangents certain Spaces ^ andthe Stim 
^alLthe^i SpfiCfi tpgetbfrmlL bcipfinite^ 



ly little in refpeStof}:dtbe ver fed Sine cf 
the Arch a d, or right Line drawn parah 
let to s3i from dto a\ ihe Tangent in i. 
.Whicti I thus demonftrate. 

Suppofe the infinitely little Arch a d 
divided into two equal Parts aCj cd: 
When the Body hits come from a to Cy 
the centfipetal Force tending to s has 
made it fall from the Tangent ofth6 
Point a the Space ^c*, and when it^ 
ccme to dj the (aid Force has mad^ 
fall from the Tangent of the Point c anq^ 
ther Space equal to (C^ at leaft infinitely 
near fo$ the Sum of which two Spaced 

*»/«• 2 ecis :=} -^ M, becaufe ( by 35 

Trap, and its Cor.) as is ec : 1t d: lacqt 
adq :: I 14. If, again, we (uppofa the 
Arch a ^divided into three equal Parts 
abybc^cd^ lhe Body, by the Force 
tending to s, will fall from the Tangent 
of ^ the Space,./ ^, from the Tangent oi 
^ as much, and from the Tangent of c 
alio as much, that isy it wUl fall from 
the three Tangents of rf, ^,c> three Spaces^ 
every one oi which is equal to /^3 the 

" '^ ' . Sum 
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Sum whereof, 'viz. 3 fb^ is = ^J^, dy be- 

caufe ( by Cor. 35 Prop.) as isj b : kd 11 
abqi adqi: i': ^1:1:9. InlikeMUn- 
per, if we fuppofe the Arch a d divided 
into four equal Parts, the-^Sunv of the . 
Spaces fallen from the Tangents of the ] 
Point a and the nextlhrce Points ot Di- 

Yifion, will be equal to ^ kd: And fo 

fortb. Therefore, fince the Sum of the 
Spaces fallen - from the Tangents cori- 
ftantly decreajfes, as the Number of the 
points of Conta£^ increafes 5 it is evident) 
.that, when the^Points of Conta6l ar^ in- 
finite in Number, the "Sum of all the 
Spaces fallen from the Tangents, while 
the Body is defcribbg the Arch ady is 
infinitely little in refpeil of the verCed 
Sine ka oithdit Arch. w» w. d. 

The Corollary oiir Remarker pretends 
to draw from the fprefaid Tbcoremy is 
what follows. 

Hence it appears^ that all EJtimaUs of 
the 2yantity of a Force turning a Bodf 
from ftraight Lines into a OrTf , ;/ the^ 
meajure the Forc£ jbat produces an^af- 
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Ignable Arch by the 'verfe Sine of that \ 
jirchy.or compare^the Forces that! produce 
any two Arches^ one whereof is greaier. 
than another^ by the i)erfe Sine of thofe 
ArcheSy are erroneous. ' . 

We ihall leave tlie Remarker to make 
good hisCoroliaryy either from his Iheo^, . 
ran^ oranyother Way he fhall think fit. 
In the mean Time, whatever becomes 
of liis Theorem^ and whether his Corollary 
be by a juft Confequence Reducible from . 
his Theorem or not, I think we can 
prove his Cort^lary to beta^lfe. For fup- i 
pofe^^and dz to ^e infinitely (mall 
Particles of the Curve ^ ^ ^ js, whether 
equal or not, defcribed by i Body in . 
very fmall, but equal Particles of Time : 
Lct^/ be a Tangent at dyanddna. 
\ Tangent at // j alfo- let ^ it be parallel to 
say and ^n parallel. to s^: While the 
Body is moving koma to dy in the infi- 
nitely little or nafcent Arch a dy the cen- 
tripetal Force tending, to s is jjnfinitely 
little altered) which is much the iame 
Thing as to fay, it is not altered at all, 
, but continues the fame in every Point of 
'• ^ ^ the 
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th^* Arch tf t/, till it come to ^« In like 
Manner, while the Body is moving from 
d to z^ in the infinitely little Arch dz^ 
though the centripetal Force in id z may 
be fomewhat lets or ipore than it was in 
ady yet it muft be fuppoied to continue 
the fame unaltered thro* whole dz}, till 
it come to z. Now Jfe ^ is the Efle^ of 
the centripetal Force, when the Body 
has moved from a to ^3 atid »2; the £f- 
fc^ofthe faid Force, when the Body 
has moved, in an equal Particle of Time, 
from dtozi and the faid Forces are the 
fole and adequate Gaufes ot the laid £f. 
feds: Thecetore the infinitely little or 
aafcent Lines kd and nz^ muft (by 2 
hlax.) be proportional (at leaft infinite- 
ly near) to the centripetal Forces in the 
Points (I and d^ or in the Arches ^^and 
d z^ Therefore k d is the ( infinitely near ) 
Meafure or Eftimate of the Quantity of 
the centripetal Force at ^, and »0 the 
IWeafureol the faid Force at n ; notwith- 
ftanding that the preceeding CoroUarj af. 
prms the contrary, by pronouncing ail 

^ Efli^ 



Efiimatfesof centripetal Forces by verfe^ 

Sines erroneous. 

Noiiy That it is not neceflary that the 

Arches ad and ^;s.ihould becontiguous, 

although they be fo in the prefent Fi^ 

gure. 

Again fuppofe ei^ to be an infioitel/ 

fmall Arch of the Curve adz^ and coq- 

fequently the centripetal Fcrce lo conti-; 

nue the fame front a to di fuppofe alfa 

ab to be^ Part of the Arch ah TheB^; 

hotwithftanding the preceedii^ C^(?ro//^ryy 

jb is the Mealureof the centripetal Force 

in a^ with refpeci^ to the Time whefe^i 

the Axch-ab is defcribed j and kd the 

MeaTure of the iame Force in a, with re- 

fped Co the Time* wherein the Arch ad 

is defcribed. 

Note^ that, (ince a^ is fuppioredan itfi, 

finitely little or nafcent Arch, it isalion6 

upon the matter, whether the infinitely, 

little or nalcent Line Jb^ be perfe^iy ana 

rigoroufly parallel to the right Line sa^ 

or be a Particle ofthe right Line s ^pro- 

daeed) and coniequently in^itely hear, 

{>arallel.t9 sn, ^d, in like manaer^ it is 
- - — j^ - — J^l| 
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iill one whether the nafcent Line nzht 
perfectly parallel to s a, or be a Pa(- 
tide 6i sz produced. 

it will not) I think) be improper in 
this Place to obferve, t<hat though the 
projectile and centripetal Forces in a Bo- 
idy moving in a Curve, may be very un- 
equal ; yet the centripetal and centri- 
Tug^l Forces ( taken in a firi£i and rigp- 
Tous Senfe, the former as urging diredly 
'to a Gepter, and the latter diredly from 
it ) are in every Point of the Curve ex- 
t€tly equal. For fuppofe^ as before, a d 
to'be an infinitely fniall or nafcent Par* 
title of the Curve ^ dzy a /a Tangent 
In the Point Uy s the Center of -a cen- 
tripetal Force, which joined with a Pro- ,^ 
fc£tile Force, in the Direftion of the 
(Tangent a /, obliges a Body to defcribe 
the Curve a dzx Draw the right Lines, 
stands ^^5 and ^i will be MnireJy 
near parallel to s a. Then, as above, 
the nafcent Line k d will be the/ fuJI 
Effeft of the centripetal Force, while the 
jBody is moving in the Curve from a tod^ , 
and alfo the MeaAire of the (jme in tbe 

• ' " ^ Point 
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Point 4, But while the My is urged 

i>y Che centripetal Force diredly towards 

the Centec s, though, , by- reafon of the 

proje£)ileForM conjoined, itcannot real<i 

iy move dire£ily towatdrthe Centep, 

but mud move .in the Curve i the Bo- 

^ dy's natural Tendency being ( by i Max, ) 

according to ' the Direction ot tb« Tan-» 

gent ali if ( the proje£iile or natural 

Force remaining ) the centripetal Force 

in d ivas defiroyed, the Body) would 

conie to jb, in the fame Inftant of Time, 

^hat it came to d byihe Adioo of ''the 

centripetal Force, and confequently 

would be removed ■ irdm the Curve, the 

nafceot Space dk» Now the Force that 

would diufe theBody to move theSpace 

^i^ from the Curve, in the Direifton of 

the Line sd k, viz* horned to 4* ^ ^^ 

fame. Particle of Timej that the Body, 

^really moves in the Cocve from- a to^d^ 

is what is properly called the centrift^d 

Force, wluch has*its Origin indeed fcoad 

theprojeOile or tangential Forcew There-. 

fore, fince the Line* dk would be.thisi 

true and full Effea of (he centrifugal 
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torcii urhile tbefiody ismotingfnMfti4 
tod, itid confequently the Eftlmate and 
Meafure of thefaid Force in /t ; as it reaU 
iy is ihe true and full Efied of the cen- 
fripetal Force, and Meafure of t he (ame 
in a i it is evident, that the cehtrifi^l 
and centripetal Forces, in the. laid Point 
tf, are equal. And fo in any othex 
jPpiat of the Curve. 
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VERT Body a whkhy aHadim 
being drawn to thi Center of ahethey 
Body B hQw/oever imvedy defcribes Areaty 
about that Centevy proportional to the 
^imes of def cubing j // urged by a force 
compounded of the centripetal Force ten- 
ding to this fecond Body b, and of all the 
accekraiirig Force whereby the [aid Body 
%is urged: That is, the fir If Body a wiUy 
mtheJameTHtne^ beurgedvytbefaidtwo 
fmupintly^ 

« - • 

This 
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This fcems pretty evident, for 
the Proportionality of the Areas to the 
Times could not be conftantly obferved^ 
which would overturn. the Hypothefif^ 

Other wife thus :■ If both Bodies be ur- 
ged in parallel Linesy by a new accelef- 
rating Force equal and contrary to that 
wliereby thefecpnd Body » is urged ; ^all 
the accelerating Force in Bf and as much 
accelerating, Force in a, will be deftroy'd^; 
Yet the Body a will (by i Sch.^ 35; 
Prop.) continue to m6ve^ with its re-* 
mainiog. Force, after the fame manner^ 
as at nrf^, in refped oFb, and.fo wili 
defcribe about b i Areas proportional ta 
the Times* . Tben^ fince a^ by its re^ 
mainiog Force,, deicribes round B, Areas 
proportional to the Times, the faid 
Force in a { b/33 Pfap4)t^nds to b*, But 
.when at firft a deicribed. about b ^Areas 
roportional.to the Times, a. was urged 
y the accelerating Force that, was de-^ 
Droyed in it, of all the accelerating Force^ 
m B, and the remaining Force.in Ai^.. 
Therefore a is. urged not only by the*- 
(aid {emaioipg Force^ or .Force tendings , 

N 3 " ^' 
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fo 1^ bistalfo by all the accelerating force 
jvliereby B is urged, w^w. D. 

A Schbly^ 
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e^U R* Ref»ar]ier^ in Fag. y% 3^5 ^% 
'" 3 8, runs out at a ftrange Kate, quib- 
bling againft this Prapofition to no Pur- 
^fe, but fpeaking with a mighty Air of 
Affuiance and Vanity J and feigns, aftbe 
ind of Pag. 3';. and Beginning of Pag. 
38,. a grofs AJbfurdity he pr^etends will 
follow from the faid Propofiyion^ from our. 
Authcrs ( Sir I/. Newton and Dr. Gre- 
^yy) taking very good Care, as, he fays, 
fiot to Jliention that Half; of the Caufe^, 
which cbniifts in. the Endeavour of the 
Body tp run out in Tangents > which 
(i continues he ) if they had not done, 
the Abfurdity of fuppofing the (Saufe of 
any Body'is Motion to be an Endeavouc ' 
m the Body^ at ever^y Inftant of Time; 
lo run out in two different Lines ( as the 
Tangents of thoie two different Curves 
are), at the fame Time,, is fo very grofs 
jtod evident, that it could never have 






'> 



been fwalbwed by any Min of commdn 
Senfe. 

But here our Emarker feems to talk 
after fo ridiculous and extravagant a M^ 
ner, that one would be teoipted to think, 
that either he at this Time was not in. 
his right Senfes, or elfe that be was refoLf 
ved ta fay Something or qther, right or 
wrong, Senfe of Nonfenfe, againfl: the 
laid Propodtm and its Authors, rather 
than let it pafsior Truth, and allow them 
to be in the Right. For^what Occafion 
was there, I would fain know, to men- 
tion, in the preceeding Pr()/?^y?fm, tb^ 
proje^ile or tangential Forte of the Bod J* 
A, though it h not excluded^ fince^he 
Body A (by 33 Trop.) is obliged to 
movei as th^ laft Propofitm exprefles, by 
a projedile Force, and a centripetal Force 
tending to the Body By Suppofe the 
Body A had iu that pYOp'ofition been faid 
to defcribe about e^ Areas proportional 
to the Times byaprojeiflile Force once 
Impreft^ and a conftant centripetal Force 
tending to bj would that Expreilion 
kve altered the Senfe of the Prapofiion^- 

. — tio* 
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ii0>. iC wouI3 not in the ]eaft have affe^ed 
it, nor its Demonftration neither. Ths 
kid Propofitiqn i^alfb. as h'ttiieorlefs con- 
cerned to ment/on a tangential Force in 
the Body b« becauleit.may ormay act 
hAve.onc.^ 

Rit^p p 6 s I Tj N, XLVIi.. 

^HE. Force or -Efficacy. ^ of a. Vtrtue 

-^ which kprof(3^(^ted to [or from a CeHr 

t&t infireight Lmes^ enerj way round in 

a, circular Spacc^ iiat different Dijiancet 

frorn the Center y as the, faid Difiances rer 

ciprocallyr And the, F$rce or Efficacy •pfa 

Kertue which' is propagated to or from d 

center in ftr eight Lines ^ evei^yway round 

(njffpherkk Space ^ is^at differeniDipancei 

from theCeriiey^ xeci^rDcaUyMjhe Squares 
fftbefnidDiJi^nces.^ 

1. Let s be the Center^ to .onfroirf 
which the VertuQ is propagated in a ckr! 
cular Space^ about which, defcribe two 
circul« . ^erjph^riej s dm^ efn, at . any 

Diftancck. 
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niftances sd, s f : I foy^ thae tbe Viim . 
or Effiacy of the Vertue, at the Diftaot 
ce sfy mUhe to the Force of the faiiw% 
at the Diflance s^, reciprocally as sti is 
tosf. - 

For the fame QsK^ntity of the Vertue 
that is equally difti(ed through the Jitch 
cdy is aifo equally difiufed through, the 
fimilar Archtf/: Then tf^fbe doiibte 
olcdyGt eh{ the Half of ef) ecpal to 
c dy the Quantity of the Vertoe io rh 
will be jufl; half the Oaantlty of it in jcdi 
and fo the Force of'rfie Ved^ m ef will 
be half its Force vscdi thatis, ibc Force 
in 'e f will' be to the Force in f ^3 SLScd 
to eft or as s^ to s/, fbrfimilar Arches 
of Circtes are z^ the SenU'Dameten^ 
In like manner, ^ if ^fbcf s 3 c^, thi 
Bflieacy of th^ Vertoe diffuied thro e^ . 

•will be only |- of the Efficacy thereof dif^ 

fufed thro- c ^j^ecaufe the Vertoe in ^ f 
will be three TTimiesfparfec than in c^ > 
Cttriequently its Efficacy or Force in ^/ 
will befo its Efficacy in cd, as cdto eft 
of is sd tosf* And fo univerfally, 
whatever Proportion f /bear to c^, the 

Efficacy _ 



( »54 ) 
Efficky of the Vertoe in ef h to its Effi- 
cacy m cdy reciprocally as the Dift^ance 
si/ is totheDiftance s/. 

a, Suppofe the Vertue be difiufed ot 
propagat^^ in (freight Lines from the 
C€fnters every way round tn a Sphere, 
about which Center defcribe two {phe- 
lick Surfaces r^ ^3 efni liay, that the 
JEificacy of the Vertue^ at the Dift^noe 
$/, will be to the Eflkicy of the fame, 
at the piftance ,s d^ reciprocally as s ^ ^ to 

JLet hf irnd c d reprefentj like Parts of 

the fpherick Surfacei^/7ii and cdmiwd 

fo there is as eficd xiefn ix dnt. Now 

we can prove^ juft as/intbe fifftPart^ 

that the Efficacy of the Vertue in^tbe 

Surface ^fis toitS; Efficacy in the Surface 

jC^d^ recrprocaUy a^ the Surface c^ is to 

the Surfacje ef^ot as tbe^vhole fpherick 

Surface cd m is to the whole fpherick 

Surface efn. Buti by Arcbimeder^s 

- Dodrine of the Sphere and Cylinder, 

fpherick Surfaces are as the Squares of 

rhe Semi-dkmetersj and cohiequently 

the fpherick Surfaee c.rftt istothelphe- 
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rkk Surface efn^ and To the Surface ed 
to t lie Surf ace ef^ as s d^ to sfu There- 
fore the Efficacy of the Vertue in the Sur- 
face ^j!!) at Che Diftance sf, is to its Ef- 
ficacy ia the Surface cdy at the Diftance 
sdy reciprocally ass^^i^tosf^ 

A Scboljfi 

V ' • 

BY the preceeding Demon ft ration it Is 
folidiy proved, that the Efficacj^of a. 
Vertue diffufed to or from a Center^ in 
flreight Lines, in a ^ circular Space^ and 
^diag upon an Arch, is reciprocally as the 
Diftance of the Arch frdni the Center; 
and that the Efficacy of a Vertue diffufed 
ki ft r?ight Lines to or from a Center inia 
Sph^e^ and a6Hng upon a fpherick Sur- 
face^ is reciprocally as the Square of the 
Diftance of that Surface from theCenter. 
from whence Mr* G^r^(?«>pretends by a 
Parity^f Reafonto prove, in hi?^ third 
Theorem P^g^75i, that the Forde or Effi- 
cacy of any Vertue, thatfpreadsitfelfiii 
firelight Lines through all the furroundit^ 
Space, equally toorfroma Center, and 

ads 
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ads upon the foHd Content or trine Di- 
menfion of Bodies, muft,in diiFerentDi- 
itancesftomtbat Center, be as theCubes 
of tbofe Diftances "(we maft fuppofe, 
though be does not exprefs fo muJ), that 
he means);reciprocally. 

Now in ofden to prove that his faid 
third Iheorem is falfe and Jnconfiftent 
with Keajpn, and confequently that his 
pretended parity of Reafon (on which 
alone it is founded) does here quite fail 
him J let the following Principle be care- 
fully obferved, n)iz. that if the fame 
Qpantity of a Vertue be diffuled through 
fl greater Space and a lefler, whether 
thefe Spaces be both linear^ olr both fu^ 
perficial, or both folid, the Efficacy or 
Force of the Vertue in the greater Space 
will be lefsthan inr the lelfer Space ( be- 
caufe the Vertue is more fparfe, being 
more fcattered, in the greater than in the 
leifer Space) and that in the fame Pro-^ 
portion that the leffer Space- bears to the 
greater J that is, ^he Efficacy of the Ver- 
tue in the greater Space will be to its Ef- 
ficacy in the leffery reciprvcaUy^as the Jeffir 

Space 
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\ • Space is 't^fthe greater. So the Force or Ef- 
ficacy of a Vertue diffufed thro' a double 
Space^ will only be half the Force of 

^ the fame Quantity ofthe Vertuediffufed 

'■ thro*. the (ingle Space,- becaufe the Ver- 
tue will be twice as fparle in the double 
5pacc, as it is in the fingle Space, lit 

t like manner, the. Efficacy iit a tripk 
Space, will be a third P»tof the Effica-. 

^^cy of the fame Quantity in the fingle 
Space; becaule the Vertue will be three 
Tjlnies fparicr in the triple Space than iii 
the fingle. 

Suppofe now two fimilar Bodies or Soi^ 
lids, arifing from the.Revdution of the 
plane Surfaces crtd^ aefb ( in Fig.Aj^j 
about the Radius s ky whofe refpeaive 
pittances fronvthe Center s let b6«r,sfp 
Then thefe fimilar Solids will be in jaC 
triplicate Proportion of the Arches r r, ef^ 
or the Lines t d^ fb^ their homologous 
Sides. Let both Solids be conceived a;^ 
made up of anindelinite Number of con« 
ceotrick fpherick Surfaces ( not inathe^^ 
roatical but pbyfical ) of indefinitely fin^ll 
but equal Thicknefs : Then^ ifCheA«bi 

O ft 
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\ fthe as I, and the Arch £ /as 2 ; and . 
confequently zlio^td (tht Thicknels of 
the Solid 'crtd) as ly and^/^ (the 
iThicknefs of the Solid aefb),z.^2 ; the 
SoHd Cfti^will be as i, and the Solid 
aefb as 8: Andthere will be twice the 
Number of fpherick Sorfacfes in the Solid 
<i^/^, that there are in^he Solid i:rtd^ 
becaufe/^ is i^2 t dn Now the Quan- 
tity of the .Verrue, propagated in right 
Lines around .alike, thro the' fpherick 
Space, to or from the Center s, is the 
lame in every one of the iaid fpherick 
Surfaces >f, cd^ efy ab^ and all (he 
refl ofthie intermediate ones: Therefore 
the Quantity of the (aid Vertue diffufe^ 
thro* the SoHd ^^f^^-isdojable of the 
Quantity diffufed tbro' the Solid rr/^. 
But the Solid a efb is 8 Times bigger 
than the Solid crr^, as before. There- 
, fore, twic^ the Quantity of the Vertue 
being diffufed thro* 8 Times the Space, 
or Ohich isall one ) the fame Quanti- 
ty of it being diffufed i^ro' 4 Times the 
Space ; the Ef&acy of the Vertue in the 
Soli^ aefb^ is ( .by the Principle laid 

down 
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down before) to the Efficacy of it b thes 
So)id cftd^ reciprocally as the Solid 
crtdxs to 4 Times the fame Solid;, or 
half the SoUd aefby that isy asi is ta4; 
[ But fince, as before, the Arch r t is {=: i; 
I and the fimiiar Arch ^ fa 2: There- 
in fore is sp : sf : ; i : 2, and ' confequehtly 
[ Uq:sfq :: ix^l And fioce the Solid 
[ crtdis to hall the Solid a efbzsj is to 
: 4, or as s Jy4S to sfq. Therefore the, 
;: Efficacy of the Vertue, in the Solid aef^^ 
. is to the Effifacy of it in the Solid c rtd 
^ as sr^to sfqi that isy reciprocally as,the 
Squares of the Diftances of the (aid So- 
^> lids from the Center 5. , 

If the Arches r t and tfbe as i4in4 si 

K andconfequently alfo t dAtidfb as i and 

[ 3 ; the fiifiiiar Solids crtd^ndaefb will 

I be as 1 arid 27, the Cubes of i and 3$ 

^ Sind there wiil be thrice the Number of 

fphprick Surfac^es in the Solid 4 ^/^> that; 

there are in the Solid crtdi and confer 

^ quently thrice tjie Quantity of the Vertue 

will be^diffufed thjro\the Solid aefb 

that is dififufed thro" the Solid crt^, oc 

the fameQiiatitity of the Vertue will be 



idlKufed thro* a third Part of ths Solid 
aef^. Of 9 Times the "Solid cftdi that 
is diffufed thro* the fingle Solid crtd, 
(Therefore the fame Qpaotity of the Ver- 
Itte being diffofed thro* 9 Times the 
Space, the Efficacy of the Vertue in the 
Solid ike f If vf ill be to its Efficacy in the . 
Solid crtd, reciprocally a^ the Solid 
crtd is to 9 Times the Solid crtd, or 
as I to 9. But, as above, the Arches 
ft and tf/areas landjj therefore is s / : 
sfi: I ; 3,. alidconfequently stq : sfqn 
1 : p. Therefore the Efficacy of t^e 
iVertue in the Solid aefb is to its Effica- 
cy in the Solid crtd as stq to sfq, that 
is yety reciprocally as the Squares pf the 
Dlflances of the faid Solids from the Cen- 
ter s. And, iij like manner, in any 
other Proportion of rttoefyOr otsi to 

But, after all, it is not ncccffary to 
iprove, that a Vertue^ fuch as a centri- 
petal Force,^ propagated in' right Linies 
around in a Sphere, a^ing upon the 
trine Dimenfion or Subftance of a Body, 

|s at different. Oiflaoc^s of the Body from. 

th? 
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Ibe CSQOtef reciprocally as the Squares of 
the Difianpes} (incest be DHlance of a 
Body frorn the Center of a Sphere, is. as 
various as the Diftances of the feyeral 
Particles, of which the Body is compofedjf 
are, which are innumerable; though the 
Diftances (^ all the Particles of a fphe- 
rick Surface from the Center, is every 
where the fame. So then, though the 
centripetal j^orce ads on the Subftance 
and internal Parts of Body, or ( which 
is all one) on^ allthe phyfical Surfaces of 
which the fiody is compos*d, from its 
inmofttoitsoutmoft Extremity, aodnoC 
on its external Surface only ( as^MrJ 
Gordon would have it ) yet it cannot 'aft 
alike on every Part of the Bocjy, but 
inuft (by a Ptfrr 45 Prop.) fo i&, that 
its Efficacy muft fiill be reciprocally as 
the Square of; the different Difiancepf 
ll?f P*rt? fro?? theCenter. ' . 
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PROPOSITIOH XLVIL 

Tbwr. Fig, 4V. 



"i. 



TH E fluk and Reflux of the Sea f^o^ 
ceed from the AitradionSy or cfMtripe^ 
tal Forces of the SmandMoon^ htefpe-^ 
€Mlly«f the Moon. ' ' - 

This lEuy be proved in refpeA of Cbe 
tAooxiy thus.' Let m tepiefeat tbfe Mooni 
SEKi th^ Eartb^ c its Center, stfae 
J^lace where the Moon is in the Zenith^ 
^ where in the Nadir, e f the Horizon^. 
t^ow 'tis evident, that the Water in z, 
jbeing nearer the Moon m, is more 9t-» 
trailed by ber, than the Center of Ui^ 
l^rth € ( or any Parts about tbe Hprizon 
jy i) and this again mofetban^the Watec 
in K. So then^ the greateft Attradion of thor 
JParts of ihe Earth towards the Mopn is^ 
9t z, the leafi at i^^^and the mean AttradL- 
on at c or e f ; that is ^ iince c tends failer/ 
towards lurthan m does^and z fafterthan c^, 
ive may confi Jer the Attra£iion at c as 
fi^ $,qf at kafi aknoAoooeJ at all>and the 

^" i^iz 
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hXtnQ\omztz^td k as etnding conenry 
waysy 'viz. the Attraftion at z tending 
diteClly to the Moon, and that atN di« 
redly irom her ; that k yet the fame 
Thing) as if the Parts about g were at 
Reft, and thofe about 2 and n were mo- 
ving coitfrary ways. From all which it 
will be evident J that the Water of the 
Earth about the Horizon e p will gravi« 
tate and be preflled more ftror^ly towards 
the Center e, than the Water about %. 
^d N where the Moon is vertical. And 
l»nce it plainly appears/ that the Wat^r 
at z and k will rife and fwell, and that 
(he Water about £ i wilt fettl&down and 
fiih towaipdszand Nj. and (o the Earth 
will put on an oval Figure. This ceetain^ 
ly would be the Confequence, ii the Eartfii 
was covered^ round with Water to anf / 
con&k^able Depth : And even in its pre« 
ieat State, it wiU imitate that Form as 
much as the dry Land will allow, and 
by the Moon's Motion occaficm tlw^^EbNi 
biag^a^id Flowing o£theSe».^. 

The like is to be underftood of the 
Sab's Aetradioa.4hou£hiiUJnuchXinal«^; 
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ler Degree,^ upon atcopot of bis vaft 
Difiance; 

. " ■ ' It 

, Schofy h Fig. 4j? 

IT will not be amifs here, Jo affign the 
Proportion that there is t)etween the 
. Differenceofthe Moon's Attractions at z 
and c> and the Difference of her Attra- 
^ dions at c and n j which is pretty ealily 
done thus. Let the Attra^ion of the 
Earth's Center c, towards the -Moon m, 
be 3600, the Square of 60 Semi-diame« 
ters of the Earth, or the Moon's middle 
Diftanceirom the Center of the Earth; 
for that AttraAion may beexpreflfed by 
any Number we pleafe : Then, fince the 
Moon's AttraAions, at differetit Diftan- 
ces, are reciprocally proportional to the 
Squares of the Diftances, her Attrafiions 
at Zy c, K muft be (as m n ^ ^ ujzq^ ^ 2 ^ ^ 
t pr as5i^6i, tfoXtfo, 59X595 or) as 
'3711, jtfoo, 3481 inX)rder : There! dre 
the Difference of the Attra^ionsat zand 
c is I2Z, and the Difference at c andn 
kUP» whigh two Diflfercacesareprekty 
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near equal j^fo that the Water at/Z can 
be but infenfibly higher than th« Water 
at N, 
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pROM hence it is plain, thafM^ 
" Gordon's 41 b Theorem y in Pag. 10 j 
and iq6 oi hi^ Remarks yisl^e; wbereia 
he pretends taprove^. that the Frotnbe** 
ranee of Water which is under the Moon; 
IS confiderably higher than the oppofite 
Protuberance, that isy that the Water at 
z (in oiw Fig. 45*) is confiderably higher 
than that at n« 

The Subfiance of bis Detnwflratidn // as 
follows. The Water at n is pre(Ied tOf^ 
wards the Earth^ Center c by the ftrong- 
eft Attradion, w;s. the Attraftion of tbt 
£arth and the Attraction of the Moon u 
together; whereas the Water at z isj^'ef- 
fed to the Earth's Center by the leaft 
Attra^ion, viz. the Attra£rion of the 
Earth lUminifixed by the Attradlion of the 

Moon, . and £q» gravkates lefs Chan the 

' Water 
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Water at n; The Waters alfo at e and 
I are drawn towards z, and not towards 
Vi and the Water at n, being moft preif- 
fed, will run towards thefe low Places e 
and F i but the Water at z, being leaft 
prefled, wilf not. So that the Water at 
H, E, and. F- will run, towards z, and 
imak^ a confiderably greater Protuberance 
at 2 than at N, 

The Fault of this Demonftration in 
*fiiort is, that though it confiders the At- 
traftions or Tendencies of the Parts of tba 
Earth at 2,n, e, and f towards the Mopn, 
yetit does not compare ttiefe Attradions 
together i and (which is the greateft De- 
fert) entirely negleds the Tendency of 
the CenteiL c and Parts about it to- 
jvards theMoon. " • 

Scholy. IT. . 

T5 Y this Time, IJiope, the Reader fees, 
•*-' that_I.have demoliflied all Gordor!% 
main Forts, from which he has endeavou- 
red to deftroy the Newtonian Philojophy: 
And as to his fmall^r Batteries which at 

; laft 



laftbe runs to, they are of fo fmali Mo« 
ment, thattheleaft Attack in the World . 
will ioon ruine thenu Thefe laft are chiefs 
ly the Abfurdities, be thinks will follow 
from the Laws of univerfal Graviratioq^ . 
and the Refiftence the celeftial Bodies 
m^et with froffi the Fluid of Light feat- * 
tered through the celeflial Regions. As 
toth? Firft of thefe^ I luppofe it will eafi- 
ly be allowed, that an omnipotent Being 
can impofe any Laws upon Matter, that 
are not inconfiftent witb its Nature, and 
involve no.G)ntradidipn, ^s the univerfal 
Law of Gravitation^ *tis plain, does not •' 
Sp that all the Abfurdities our Herftar-^ 
ker deduces from hence,, are mere Rove- 
ries of bis ovim Brain, without ^ny real 
Foundation, And as to the Second, the, 
Rays of Light are fo extremely fine, and 
(o fcattered, that the Qjiantity of the 
whole. Fluid of Light bearj hardly any 
Proportion at ajl, to the CLuantity of the 
immenfe Space through which this Fluid 
is diffufed s ancl confeqyently the Refift- ' 
ence that the Planets and other celeftial 
Bodies meet with from h^ce, is almofl; 

no- 
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nothing at alL So that the laid Bodies 
may, for all this, continue many Tfaoti- 
fands of Years without any fen^ble Alte- 
ration in their Motions. 

We fliali now leave Mr. Gar^(?/i to his 
fecond Thought;^, and give a diftindl Ac- 
count of the Foundation, on which is built ^ | 
a Ihort Way of Argumentation often uled^. 
by the<jreat Newton and his Followers^ 
to prove one Proportion to be comjpoun^ 
ded of other two. In order whereto we 
Ihall premifethe following Propofition or. 

Lemtfta. 

Proposition XLVIIL^ 



*4 



Lem* . Ttg, 46, 47. 



JN re&angular Varallehgranis r , r. 
Proportion of two Sides a, tf, is c\ 



the 

COW' 

founded of the dire^ Proportion of the 
'<B.e6ian^es thfrnjehes r, r, and the red" 
procal Proportion o\ the other two ai^oining 

Side{ B, b I that is, ^ is =j ^ >? 4 . 



fi 



for 



For (b^ ijie, Bud) ^is:=i^ % J-J 



iTherefore, if we divide by ^ ,ther$ wiU 






[Ii&^(V. Fig, 4^6) ^7i ' 

JF^here be fw ^amities fv r elated fo 
one another^ that when the'third an4 
fotfrth are the fame or equals the fir fi is to 
the feeond as the fifth to the.fixth; and 
when the fifth and fixth art the fame or e-^ 
qualy the firji is to the feeond as the third 
to the fourth: Then^ when neither she thiihd 
is equal to the fourth^ nor the fifth to the 
fixth^ the Proportion of the. fir^ to the Je^ 
, coHd is compounded ^f the Proportions of 
the third to the fourth^ and the fifth tothe^ 
fixth. . ^ ■ 

'This Theorem in the Newtonian Stik, 
would be expreffed thus^ If three QuantiV 
ties i that is really, three Prpportions of 
gx Quantities) be Co qaalified^ that> the 

£ fccontf 
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'jfecond being ^en ( that is really, 4 
iecowd Proportiori being a Proportion 
JBquality ] the &&is dire^iy ^s theChi 
imd-the third being given, thefirft is 
reAly as the fecond : Theo^ neither 
fecond nor the third being given^ t 
|u:(l is 95 the fecond and thud conjunSl 
or dire£lly as the fecond and dire^ly 
thethird, 

T^e [aid Theorem^ in the firjl Exp\ ^ 
'fioHy h dewqnfirated thus. TbelirA.an 
fecond Qaantitieswill be reprefenced 
two Rc£langles a and r^ the third an 
fourth by t^efiafesB and^, and the fifth 
and fi^th by the Altitudes A and^ : Be- 
cauk^ihySth. i.6^ Eucl.) virhen b is — bi 
there is as r :r : : a : 4 j and ( by i • ^. 
Eticl.) when a iizsa^ there is as r : r r : 
B : ^* Therefore then, fiflce the faid fiic 
Quantities in order are juftfo related as,' 
and reprefented by R) r, b,^, a, Hj and 
alfo fince (by i^. 6. Eucl.) the Propar-. 
tion of R to r is compounded of the Pro- 
portions of s to if and-A to ^ ; it^s evi- 
dent that the Propott40n> 6f the #ft 6t 
the forefaid Quantities to the fecand, is 

com 



*^ ^ 



.> 



.^.iOMpoutjded of the Pcoporttons bf tfie 
" rbirdto the fourtk and the fifth to the 

fixth* W,W«D. 

P R O F © S I T i ON Lr 

~ l%eor» Fig, 4^ J 47^ 

IF there be. fix ^amities /# relutedi 
that when the third is emtal to ibe 

' fourth i the' firft to the Jecond. is recipro-i 
cally as> thefixth to th'e/iftlH (Mdiieken the: 
fifth is eftdHithe fixthy the fitfijstothe 
jecond dire^tf as the third to thefomih :, 
■fS!heny when neither^ thethird' is* e^tl'td> 
the fourth, nor the fifth to the fixih, tht 
Proportion of the firft to the jevondis vonr- 
founded efihe direct Proportion of the third^ 
V and fourth,, and the reciprocal Proportion 
of the fifth andfixth. 

This Theorem in the Newtonian Stik 
would be exprejjed thas. If three Quantir 
; ties { that is really, three Proportions) 
be fo qualified, that, the Second being, 
given ( or really, being a Proportion oft 
.^quality) the firft is reciprgwlly as the 

" P 2, " ■ third ji 



third ■} and the third being given, the 
igtftis direaiy a? the fecorid ; Then,neir 
ther the fecond nor the third bemg given; 
the firft is direaiy as the fcoQnd, afld.rc- 
ciprocaliy as the third. 

■Tbefaid Theorem exprejjedthefirft wajj 
is demonpated thus. The firft and fecond 
Quantities may be reprefented by the Al-» 
titudes A, tf of two Reaangles R,r, the 
third and fourth by the Reaangles them^. 
felves R,r, and the fifth and fixthby the 
Bafes *, B, in a contrary Order: Becaofe 
<by 14. 6.Eml ) wh^ r is »^r, there 
is reciprocally as a : « : : ^ : b ; and { by 
Sch. 1. 6. Eucl.) when Bis 1=^, there is , 
direaiy as a : fl : : R : r. Therefore then, 
Snce the faid fix Quantities are. juft lo 
related as the Altitudes a, a, the Rea- 
angles R, ry and the Bales b,^; and al- 
fo, fince (by 48 Prop,) the Proportion 
ef A to tf is compounded, of the direa 
Proportion of r to r and the reciprocal 
Proportion oib to b j it is evident, that 
the Proportion ot tiie firft of the forefaid 
Quantities to the fecond, is compounded 

gi the direa Proportion q1 the third jwd 

fourtD, 
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fourth) and the reciprocal Proportion 
the filch and fixtht w.w.iu 

CUPPaSE now one wm toproVeJ 
^ m Sir 7/1 Newton's Ihort Way, the 
dth Fropofitioni i;/;s. that inimiformMo^ 
Uonsy the Preportion of the Spaces ^run ^ 
through is con^unded of the difeU Pyo^/ 
portions of the Times mdCekritiesyv^hldi 
in his concife Stile would be exprefTedi 
thus. The Space runthof^h is as theTime 
md Celerity cofyunCfly. 

His Proof is expreffed thus. The Tmit 
being given, the Sf^ce is dire^ly as the ^ 
Gelerity 5 and the Celerity being given^. 
the Space isdire^iy as the Time : Where- 
fore, neichertbe Time tior^he Celei fty 
being given, the Space is as the Time- 
and Celerity conjiin^ly. The true Mea- 
ning is ; the Times being the fame or r 
equal, the Spaces are ( hy r Pwp» > di- 
xe&iy as the Celerities ^ and the Cele*^ 
rities being the fame or equal, the Spa^- 
cesate (by^gPw» direQly^s the Times: : 

P 3, Whe^;e-^- 



y: 






: ^ t 174 ) -. 

jWhereforei neither the Times being the^ 
feme or equals nor yet the Celerities^ 
l^e Proportion of the Spaces is, com- 
pounded of the diredt Proportions of 
the Times and Celerities. Now that this 
is a true and conclufive Argument and 
(Way of Reafoning^ is evident from 49 
yprop^ begiufe the two Spaces, the two 
(Times^ and tlie two Celerities here>are 
fix jQuantities juft fo rdated topneano^ 
tlier, as (hdfe fix in that Propi 

Soppofe again one- was feo demonftrate 
in NewwrC^ concife Method ehe i G?itt 
of 6 Prop. viz. that in unt^orm MotiQni^ 
the Proportions (if -the Times is compounded 
c£ the direct Proportion^ of the Spaces ^ and 
the rtciprocal Proportion of the Celerities^ i 
jvhieh ifl-his brief Stile would be expref- 
fed thus> The Time is direfily-as the Spaced 
and rectpr orally as. the Celerity g 

Bis short Proof would he p^re^ed thmi 
pThe Space bein& given, the Time is re-, 
dprocally as- the Celerity;, and. the Ce- 
ferity bfing given,, the Time is diredlly 
as the Space:- Wherefore ^ neither the 
Space Qor thfi^Celerity; being^iven, the 

. timet: 



Tkne is direflly as the SpaeeJ and re^ 
tiprocallyas the, Celerity. The true 
Meaning is ; the Spaces being the 
fame or eqital, the Tiiiies are (by 4 
Cou^ 6 Prop, which has no Dependence 
on I Cor. ) Veciprocaliy as the Cele* 
rities ; and the Celerities being equals 
the Times are ( by iPrap,) dire£kly as^ 
the Spaces: Wherefore, neitlier the Spa- 
ces nor Celerities being equal, the Pro- 
portion of the Times is cpriipounded of 
the dif eft Proportion of the Spaces and 
the reciproca^l Proportion of tbe Celerities. 
Now that this is a true and cc^clofive Ar^ 
gument, is evident from 50 Prop, becaule 
the Times, the Spaces, and the Celeri- 
ties here, are fix Quantities juft lo rela- 
ted and qualified^ as thofe Cm in that 
Prop. 

AVe ihall conclude this* fliort TreattfeJ 

with the Great iV&tw^w's own Demonftfa- 

^ tion of his^ general Law of centripetal 

.- EotceS: In order whereto we fhall pre^ 

mife the twofoJiIowinsI;^»»!raVr: 



r 
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/ , ' 

Brofosition LJ;. 

^H E infinitely little 0r nafcent Liner 
cfy br^ produced or deferib^d bj acen^ 
tripetal Forces in eej^al Particles of limey 
are as the centripetal Forces or Impulfei 
in the Point f p^p; at lea(i infinitely near^- 
TbiS) I think, is incohtcovertibie ; be- 
caute the centripetel Forces in 9^ and p 
are the Cauffs that produce the nafcent 
JUoes c f and b r^ See Sek 44 Prop. . 

■/■ 

B&O POSl T I OK LU.' . 



THE .S/>df#/ thai iBwtfi ^nftamly 
urged by a regular Force, defcribet^ , 
Itue, in the Begituting of the Motion, in a 
dti^Ucaie Froponim of the Times in wbith 
they are defcribedi 

This is Newton's to Lemi i Lib, Vritt' - 
dp, and it is a plain QopieqwoKof ScbdL 
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2iProp.p^eced, becaufe zVorU^it coiir 
fiantly aSts regularly, does, in the Be- 
ginning of the Motion, a£l uniformly or 
(equally, at leaft infinitely near fo. 

We Jhall now giye Newton's own De^ 
monftration of bis general Law of centra 
petal Forces, which, though for Clear-^ 
nefs fake we ftiall enlarge it, Tm confi- 
dent every Body will grant to be accor- 
ding to hi* Mind. , ^ ^ "" 

■w 

- ProposjtioS LIIL 

fBeor; Fig, ^e:. 

pFERT Thif^ being fuppofed at in 
■^ 3d Prop. 1 fay that the centripetal 
Force in any Point v of the Curve will be 
reciprocaHy as the nafcent or evanefcent 

Solid ^^J^^f. 

The centripetal Forces and Times be- 
ing denoted as in 36 Prop, if, in the in- 
finitely fmall or nafcent Figures p r b d, 
prbd^ the nafcent Lines br, ^rbede- 
fcribed in equal Times, they are ( by 51 
Pwp) as the centripetal Fwces in the 

Points, 
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Points i, pi bi as y, •» j and. If the ced>! 
tripctal Forces in »»/> be equal, the 
naicent Lines b r, b r are:( by ^z P*^* )• 
as the Squares of ttie. Times in which 
they are defcribed, or as r\ t\ Thece* 
fore, if ndc6er the Times nor the cen» 
tripetal Foroesbe equal, the Propprti-. 
on of. BR to if r, is ( by 49 Prop.) com- 
pounded of the Proportions oF t" to f 

and of y tcu, thdt is^ 4r is s ~ K" 
-.Whence- issa-f^ ►r A:3-y;rXf:. 
But (byjzJV^.)-^ isalls-s (b^, 
^41. ^' EttcL) ^1^, aid confequentlj^ 
T. ^ splv..R'h> - Thereiotc »s - ::3^^ rr ^ 



T* S P f X-B D f 

|ig|g^. Whence ii&'mjePnrp,) v: 

isto/u^as '^^l^^ ^ isto /g^ ^? ot 
the centripetal Force in p is reciprocally 

as the nafcent or eyanef cent Solid" bjel ^ » 

W..W.&, 
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f - 

^HIS Dcmonftfation, though pers 
I "^ haps olifcurer to fome than that of 
I Dr. Cxr^^(?r)f^s delivered in ^6 Prop, is yet 
kpreferable, being more general, becaufe 
agteeing to all Sorts of regular Curves 
that can be defcribed by a proje^ile and 
a centripetal Force : Whereas Gregorys 
Demonfiration agrees only to thofe 
Curves to which equicurve Circles may 
be dekribed, as is evident, fiiice it de- 
pends upon Cor. 3 y Vrop. 
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AN 

APPENDIX. 

■jr f AVING finiflied the former 
1-^ Treatile, we fliall here- for the 
*• -•• Diverfion and Exerciic of the. 
Minds of Youth, controvert fome mate- 
rial Thkigs that have been demonftrated 
therei and advance fome Arguments that 
feem to overthrow them. , And iince 
Mr. Gordon is fo good at contriving Fal^ 
lacies of his own, he may, if be pleafes,^ 
try his Faculty at dete&ing thof e of otherss^ 
/ But what ne^d I fpeak io, fince 'tis to be 
fuppofed that^ he would be glad, thaCf. 
the Knot I am going to tie could not 
again be looted. > In order to my jve&iril 
. Defign, I Ihall premife the two follow- 
ing Lemma\ and afterwards compare 
jshera together. 
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/ 

Z^w. -tl; Fig. 35; 

'T^I^E oafcent or isvanefcenC Subtenfes 
I -■• R B, /c of -thp Angle of Contaft in 
^ Curve A F B/>, are in the fimple Pro- 
f)orcioir of titeir cqitt^nnaal A'tl^es ^ s; 

For r'b being an infinitely' fmall or 
JEBfcent Line, the Point b muft but intr. 
IHteljr near the Point p, and confe^fuent- 
ly ¥ B muft be an infinitely fmall or naf- 
jceotArdi: Whence die (aid Arch is infi^ 
Wtely little di&rent from a right Line; 
{Therefore the Triangles r p b, f p c <the 
Point c being between B and p) are lobe' 
jMofideted as re^ilinQr Trian^}esi but 
^ey are aMb e^aiffigubr, hedmle fc 
ind RB are paialld. Therelope (by 
'i%.'6,E«cl) Si$ h.Kit ifc'.tn : PC.' 
jpr.'w.ii. - *■• 

This Demonfiration feetosverypla^; 
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H E ifafccnt br evanefcent SubtehfeS 
R B, jc of the Angl€ of Contadl ia 
a Curve, are in the duplicate ProportH 
on of their conterminal Arches pb, pc^ 

This Lemma which indeed CQntradi£)$ 
the former, was before deduced asap ItH 
^j^U' otCwoitary ft-om 35 Prop.precedt 
tsdw we fhatl enquire whether has thc^ 
^Advantage of tlie other. 

The Demonfiration ofthefirfi71«;»Wd[ 
luppofes only, .that the infinitely little 
iArch PB is a right Line^ which, though 
It be not accurately hi is infinitely neacj 
fo; and this Suppoiitiop feems very ha^ 
tural and allowable^ Whence it will (byi 
4« fi. Eu(t.) immediatdy, necefifarily, and 
r igoroufly follow, that zskb: fc: ; p b : p cl 
The Priobf then of the kid Limma only^ 
(iippofes one infinitely fmall Inaccura^' 

The Demoitftration of the fecond Lem^: 
ina fuppofes (everal (inalMnaccuracres}^ 
iirfipTh^ Demon(»ration ottfieirft Cafe 
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iDf ijfProp* whereon the faid Jjemma de- 
pends, fuppofes that the Arches a d, A. i 
(fee Fjg. \^)<o\acide with their Chords 
AvDj A^j which i^ not jigoroufly true^ 
and is the firft liiaccuracy of the fame 
Mature with that in the firft Lemma. 
from whence. Secondly^ It wiH Mow. 
that tiie Arch a*d is a right Line, the 
fame with its Chord ad; and that the 
5^fch A dy a Part of the Arch a p,, is a 
part of the Chord a © : And confe^quently* 
d muft be confider^d *as a Point of the 
^hord AB. But this being (pppofed^L 
though the Angle a^c (by^i,^.Euel,X 
he rigoroufly a right one, the Angle xdc 
win not rigoioufly be a right one j and 
then it will not rigoroufly follow that 

.ChordA^.issWjCAc, or ^!2^i 

h:=:bd; which h stnecemy Step in the 
Demonftration of the firft Ctye of 35 ?«>/>.' 
and confequently the faid Cafe it (elf will 
not rigoroufly follow. This is a (econ4> 
Injlccuracy. Therefore, fince there are 
tvvo Inaccuracies in the Demonftration of 
the faia firft Cafe, there muft alio be two 

rupoflit^ 

But, 




C j8j ): 

But, Thirdty^ There is yet another laac^; 
icuracy, perhaps as great as, #f not grea- 
ter than either of the other two, in the 
Demonftration of Cor. 3 5 . Prop, which - 
Corollary is the fecond Lemma we are^ 
juft now fpeaking of, in accommodating , 
the Curve tot he ©ircle: This^ I believe,. 
will be very obvious to any Body that 
attentively confiders the faid Corollai 

From all which it appears verypJain^. 
that the firft Lemma has fo far the Ad- 
vantage of the fecojnd, that the firft is to- 
be admitted for Truth , and the (econd 
reje^ed. But I have yetfomething farther^ 
to fay in behalf of the fixfi Lemma and; 
againft the fecond, which is this; Mr;. 
Gordon^ X&^^r^wabouttheFallofaBodyi 
defcribing a Curve, from the Tangents, 
which I have given at the Beginning of 
Scholy 44 Pre^pi . looks really fo Jike a* 
Paradox as to be utterly^ incredible: Yet- 
if the (econd Lemma be. admitted fQC^ 
Truth, thitlheorem-is really and truiy^; 
demonflrable iroiiji it j fee the Juft nowr^ 
mentioned Scboly. But if the fith Lemmas 
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h^ |rantcd to be^ true, the fcyd Theerem 
will eaCilykfi overthrown) and that which 
appears to be the Truth, proved^ viz. 
(That, if (In Fig. 43) ad: k an infinitely 
jmall A%cb cf a Curve ^ and langents he 
drawn at all the Paints of Divifion of the 
[aid Arch divided inta^an Infinity of Parts ; ^ 
a Body defer ibing the f aid Arch will fall ^^ 
from the Tangents certain Spaces^ and the 
Sum of all theje Spaces will be { infinitely ^ 
near) equal to the verfed Sine kd of that 
'iArch. Which is tbiis demonftrated. 

Suppofethe infinitely fmall or. nafcent 
'Arch ad biieded 10 c ; then ( by i Lem. ) 
^s.is,ecikd:*.ac:ad::ii^y therefore I 

UeetA-l kd^ When the Body has 

come froni ij to c, the centripetal Force 
' tending to s, has made it fall, from the 
Tangent of the Point- tf^ the Space ^r; 
and when it is come to dy the faid Force 
lias made it fail from the Tangent of r, J 
another ' Space equal to- ^ Ti atleaft infi- 
ll Jtely near (oj the Sum of which two 
Sfa<:es, /u/^s. t ^ p is 3 fe ^, becaufe (as 

before) e-x K;S-; kdy If again we fuD-; j 

pofe 
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•pofe the Arch ad divided' into three 
equal Parts ab^ bc^ cd; the Body^ by 
the Force tending to Sy will fall ffom 
the Tangent of a the Space/^, from the 
Tangent of b^% nnkucb>.and from the . 
Tangent ofc alfp as much, that isy it 
[ will fall from the three Tangents of 
^ tf , by €y three Spaces^ every one of which 
keqpal Co fb^ the Sum whereof^ "viz. 3 
fb is:=ik 4/5 hecaufe ( by 1 L6m.)as k 
fbAkdiyabiadt: 1:3,. In like Man- 
ner, if we fuppofc the Archil i^dividecf 
into four equal Parts, the Sum of the 
Spaces fallen from the Tangents of the 
Point a and the next three Points of Di« 
vifion, will be equal to k d: And fb forth ; 
be the Points of Divifion ever fo many. 
Therefore the Sum of the Spaces fallen 
from all the Tangents, while the JBody is 
' defcribing the infinitely little Arcb^^, 
IS (at leaft infinitely. near) equal to the 
yerfed Sine ^^ of that Arch. w,,w. d? 
The GrR Lewma being now admitted 
for Truth, the general Law of centripe- 
tal Forces will be found very different 
konrttbat of the Great iVi^^fp^ formerly, 

"dc*-. 



